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PREFACE 


The atomic bomb which made its first impact upon the world 
at Alamogordo on July I6th, 1945, and soon after was instru- 
mental in promoting early peace in the Pacific regions, has been 
a cause of deep apprehension throughout the world.9 In the year 
since its emergence from the secrecy which attended its inception 
it has been extensively discussed and a considerable literature has 
grown around it. Those who were most closely associated with 
its production have in many cases become most zealous in point- 
ing out the momentous implications of the release of this new 
power. Statesmen, world leaders and others of public note have 
stated or implied that in default of a wise control of this tre- 
mendous force the world might face a possible destruction of 
civilization itself. 

In view of such significance of atomic fission it becomes of 
importance to clarify its principles, and controls. The attempt has 
been made here to present the factual background and such other 
helpful material as might contribute to this understandmg and to 
constructive thought and discussion, presenting without bias such 
divergent views as space may permit. The bibliography is offered 
as a further contribution to this end The extent of the literature 
has necessitated various omissions, particularly of earlier date. 
Such references, as well as other extensive material, appearing in 
the Congressional Record, the New York Times and other papers, 
may be readily located through indexes and otherwise where 
desired. In general, up-to-date material has been retained as 
fully as possible. In view of the constant change in status of the 
attempted controls, domestic and international, and the fact that 
official statements and documents have grown too large for ade- 
quate representation, it has been thought desirable to represent 
such material sparingly in favor of other important discussions, 
the more so as they are already widely published and available. 

Among the issues posed by the atomic bomb are many funda- 
mental questions relating to our basic ways of life and thought. 
It has brought up the questioi^of -upport of scien- 
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lafic :resei^di^j 9 jf-c|\i|iah\ 'Versus military control, of government 
retention of ^ all* to' "fissionable materials and resources, of 
secrecy y^rs^r^orld sharing of all basic facts of science, of the 
veto power, "sovereignty, and many others. The atomic bomb has 
provided also a heavy reinforcement to the pressure for a world 
organization as a basic essential to control of this power. 

The responsibility of legislators and statesmen who shape our 
national and international policies today is great. But the re- 
sponsibility of each of us is great also, for the understanding of 
real issues. 

The compiler gratefully acknowledges the various courtesies 
of copyright permissions given, and the furnishing of much help- 
ful material fiiat has facilitated the preparation of this work. 

July 31, 1946 

Julia E. Johnsen 
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HISTORY AND DEVELOPMENT 
OF THE ATOMIC BOMB 


ATOMIC ENERGY AND WORLD ORDERS 
Classical Atomism 

Cin the fifth century before our era the atomic age was founded 
in Greece by Leucippus of Abdera and his renowned pupil 
Democritus. It reached its tragic and sensational climax on 
August 6 , 1945, when the atomic bomb of questionable fame 
obliterated m a moment the Japanese city of Hiroshima with its 
doomed inhabitants. % The beginning of the theory was publicly 
imnoticed; its appafling culmination in action has alarmed the 
world. 

During the period of nearly twenty-four centuries elapsing 
between the two events, the atomic theory of matter has tri- 
umphantly encountered stranger vicissitudes of fortune than any 
other hypothesis of science. It has been brilliantly expounded, 
strongly attacked, fantastically adorned, stricken to apparent 
death, resuscitated into vigorous life, digmfied with sober mathe- 
matical attire, endowed with prophetic power, and made the 
basis of an immense domain of natural phenomena. It has un- 
leashed the most concentrated and destructive energy known to 
man, and finally has given its name to a new era of the world. 

For inherent in the idea of the atom from the beginning was 
the indestructible element of tmth. To it have therefore slowly 
but inevitably been traced the elucidation of the structure and 
behavior of matter, electricity, and magnetism; the origin of 
light, ^ and of gravitational, electric, and magnetic forces ; the 
genesis of radioactive changes and of the innumerable reactions 
upon which the operations of nature, of living organisms, and 
the chemical industries, which are the basis of modern industrial 
life, depend. From the atom have spnmg the broadcasting and 

» By Rank Allen, Professor Emeritus of Physics, University of Manitoba Uni- 
verstiy of Toronto Quarterly. 13.256-68. April 1946. 
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universal reception of voice and music which for the first time 
have brought all nations into living communion with one another. 

Two theories of the nature of matter are conceivable, discon- 
tinuity of structure and continuity, the former of which was the 
earlier to be proposed. The atoms of Democritus were imagined 
to be excedingly small, indivisible particles of permanent size and 
inviolable shape. Some had smooth rounded surfaces and there- 
fore could move easily about, like those of water and oil. The 
rough atoms of salt, interspersed among the smooth atoms of 
water, rasped the bitter salt taste of sea-water upon the tongue. 
Acids like vinegar tasted sharp because their atoms had prickly 
points. The atoms of solids had uneven surfaces with branches 
that intertwined to hold them firmly together. The quiescent 
metal was in reality a restless mass of such interlocked atoms 
which gave the external appearance of rest because they were 
too small to be seen. To the touch a metal appeared hard since 
the writhing atoms in matted form resisted pressure. Dispersed 
atoms constituted thin air and swept through the pores of bodies. 
Atoms in huge streamers or tongues formed smoke and clouds. 
No origin of motion was suggested, but it was tacitly assumed 
that all atoms were naturally in tumultuous movement. 

Into the Democritean atomic theory were gathered some of 
the chief ideas of nature held by the ancient philosophers. Since 
the restless and immutable atoms rushed, collided, wandered, and 
combined to produce the incessant phenomena of change, there 
must be space for the execution of their movements. This was 
provided by a void or vacuum in which their motions were un- 
hindered. As atoms were too small to be seen, so the empty 
space at their disposal was likewise unobservable. To later phi- 
losophers the existence of a void was repugnant, and this oppo- 
sition was later crystallized in the principle of Aristotle that no 
void was possible since nature abhors a vacuum,^ doctrine that 
persisted for about nineteen centuries, until the^periments of 
Toricelli (1640) on the weight of the air and the production 
of a vacuum banished it from physic^ 

Democritus was a follower of the Pythagorean school. It is 
not surprising, therefore, that the peculiar idea of Pythagoras of 
numbers being mystical constitutents of thmgs, was implicit in 
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atomism. While differing widely from that early philosophical 
concept, number in modern theory is intrinsically associated with 
atoms in the precise form of atomic weights and numbers, which 
have a profound physical sigmficance in relation to atomic 
structure. 

The doctrine of elements had for the first time been an- 
nounced by Thales a century and a half before Democritus. The 
single primary element of matter was declared by him to be 
water. While the idea of elements persisted, the primary sub- 
stance chosen varied from one philosopher to another. In the 
opinion of Anaximenes it was air, and in that of Heraclitus it 
was fire. In a more generous spirit these three, together with 
a fourth terrestrial substance, earth, to which Aristotle at a later 
date added a more refined celestial element or fifth essence, were 
all admitted to the hierarchy of elements. At times the elements 
themselves were thrust into the background and certain prop- 
erties, cold, hot, moist, and dry, occupied their places. The 
Democritean atoms, though widely diversified in shape, were 
held to be immutable parts of a single element. By their different 
sizes, forms, and grouping all visible things were constituted. 
When this idea was criticized, Democritus retorted that the same 
letters of the alphabet which made a tragedy could by rearrange- 
ment compose a comedy I 

^bout sixty years after Democritus had set forth his view of 
atomism, Plato m the Timaeus expounded an alternative system 
of geometrical atomism. The existence of only five regular solids 
so strongly impressed the great philosopher,^ that he believed 
them to be connected with other manifestations of nature. The 
four elements of matter appeared singularly adapted to this pur- 
pose ; and accordingly the atoms or particles of air were assumed 
to be octahedra, those of earth cubes, those of fire tetrahedra, and 
of water icosihedra. The fifth solid, the dodecahedron, having 
then no corresponding element, was conveniently assigned to the 
plan of the universe itself. 

lA third system of atomism was propounded by Epicurus about 
300 B.C., and later elaborated by the Roman poet Lucretius about 
75 B.C., in which weight was added to the properties of atoms. 
In this system there was presented a graphic picture of an 
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atomically contrived universe in which immutable atoms and the 
eternal void were provided for the changes in nature and the 
vicissitudes of life. Thus permanence was combined with in- 
cessant transformation. The ideas of the ‘'fortuitous concourse 
of atoms” in the origin of the world, and of the atomic basis of 
the freedom of the will, as well as innumerable other applications 
of Epicurean atomism, are foreign to the present purpose and 
need no further mention. 

The idea of atomism, and specially the necessary provision 
of a void, was rejected by Aristotle who advocated the principle 
of the continuity of matter in which a void had no place. Hence 
began the long contest between the two concepts of continuity 
and discontinuity, with the former prevailing until the revival 
of the atomic theory in the seventeenth century. While both 
ideas are philosophically tenable, the decision between them must 
be made by exact science. Strangely enough both ideas are in- 
corporated in the modern concept of the atom. For while dis- 
crete atoms certainly exist, their electronic constitutents are now 
seemingly proved to have a wave structure, and therefore they 
must be continuous with the medium of which they are essen- 
tially a part. 

The beginnings of atomic theory therefore took three forms: 
Democritean, geometrical, and Epicurean atomism. From none 
of them could an atomic bomb be developed. The contribution 
of ancient philosophers was necessarily limited to the origination 
and analysis of ideas, and jn this they were successful. They 
suggested both continuity and discontinuity of matter, voids for 
atoms to move in, the porosity of matter, the motions, weight, and 
forms of atoms, and the association of number with them. Mod- 
em science has verified and given precision to these concepts, 
but has added to them the divisibihty of the atom into con- 
stituent particles, and its inner porosity. The fantastic and mean- 
ingless forms given to atoms by Plato have been superseded by 
many definite configurations of their parts held together by forces 
in dynamic equilibrium. 

the course of six hundred years the arguments for atomism 
had all been stated and interest in it languished The concept 
passed from philosophy to ancient medicine. But Galen, whose 
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reputation as a physician was second only to that of Hippocrates, 
finally rejected it as impossible of reconciliation with the phe- 
nomena of living organisms. No such idea was anciently pro- 
pounded as that lifeless atoms could assemble in moleciiles of 
hving protoplasm. So with the death of Galen about a.d. 200 
atomism passed almost into oblivion, until some fifteen centuries 
later when it was restored to scientific thought. 

Medieval Atomism 

\l^roughout the long period of the Middle Ages until the 
time of Descartes, who published his Le Monde in 1633, atomism 
remained an outcast from philosophy, except for an occasional 
remark by some writer who generally, like Sir Francis Bacon, 
condemned it.*^ But the idea did not lose its vitality, and as 
physical science slowly revived, the atom was inevitably fitted 
into the foundations. Descartes made corpuscles, as atoms for 
a time were called, the basis of his natural philosophy of the 
world, which held its ground for about a century until super- 
seded by the grand system of Newton. His whirling universe was 
a corpuscular continuum without voids, and so he restored 
atomism by adroitly conforming to its opposing principles. In 
the absence of the knowledge of immaterial forces of attraction, 
which were introduced by Newton, the atoms were still supposed 
to be held together by clutching mechanisms, such as branching, 
hooking, wedging, pinning, and even glueing. In their abortive 
efforts to transmute substances like lead into gold, the alchemists 
seem to have contributed nothing to the advancement or clarifica- 
tion of atomism. 

^ the revival of the concept, the Honorable Robert Boyle 
(loo7), a contemporary of Newton, divided the properties of 
atoms into two classes: the physical or primary qualities, such 
as size, shape, number, weight, motion, or rest; and the sensible 
qualities, or secondary qualities as, Locke (1690) styled them, 
such as color, sound, taste, odor, pain, hotness, and cold, to which 
atoms in application to the body gave ris^ In due time the 
secondary qualities were relegated as sensations to the mind or 
brain where they have properly remained, and atomism was set 
free to develop the physical properties alone. 
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The subsequent growth of scientific atomism depended, as 
was realized later, on the knowledge of two factors, the proper 
definition of an element, and the relative weights of atoms, the 
former of which was made by Boyle and the latter outlined by 
Dalton. For the first time an element was correctly defined as 
a substance out of which nothing but itself can be obtained. 
More than a century later, in France, Lavoisier (1789), a victim 
of the Revolution, discarded the four "Aristotelian elements’" 
and prepared a tentative list of thirty-three new ones in ac- 
cordance with Boyle’s definition. Sir Humphrey Davy in 1802 
recorded forty-two elements; and though he isolated several 
additional ones himself, yet, influenced by traditional Greek 
parsimony, he was much perturbed at their steadily increasing 
number. Today ninety-two natural elements are known, of which 
the now famed uramum is the heaviest and last, while two arti- 
ficially produced transuranic elements, neptunium and plutonium, 
must now be added to the list. The names of these three ele- 
ments were adopted by analogy with the outermost planets of 
the solar system. 

The atomic theory of matters was placed on an incontro- 
vertibly numerical basis by Dalton in his works published in 
1808-10. Like Lavoisier he made the balance the fundamental 
instrument of chemistry. In his theory the essential idea was 
atomic weight which was not measured absolutely in ounces or 
grams, but only relatively to that of hydrogen regarded as unity, 
or, is is now done, to that of oxygen as sixteen. 

Thus the science of chemistry developed on the basis of the 
atoms of elements combining in definite proportions to form 
the molecules of compounds, and of voids between atoms in 
which their motions could be executed. Though remarkable ad- 
vances were made in theoretical chemistry, in its industrial appli- 
cations, and in the relations of atoms to one another as shown 
by the arrangement of elements according to the Periodic Law, 
yet the original notion of atomic indivisibihty was retained. The 
fundamental problem remained unsolved as to why atoms diflfer 
so greatly in weight and so enormously in properties and yet 
retain their progressive and recurrent similarities as portrayed 
in Mendeleyev’s Periodic Law. Progress of knowledge and 



THE ATOMIC BOMB 


13 


frustration continued side by side until, at the end of the nine- 
teenth century, the mystery was finally disclosed. But again, out 
of the atomic theory held down to that date no atomic bomb 
could have been developed. 

Modern Atomism 

The modern era of atomism was inaugurated in 1897 by Sir 
J. J. Thomson, the great physicist of the famous Cavendish lab- 
oratory, through the discovery of the electron as a constituent of 
all atom§^ The indivisible atom of Greek philosophy and of 
ninefeenth-century science was at last proved to be divisible; 
and it is this divisibility, with its startlmg physi(^ consequences, 
which has precipitated a crisis in world affairs. JfAs Democritus 
founded in its broadest sense the atomic a^, so Thomson 
founded the electronic age, and modern atomism. 

The new era was preceded by now significant discoveries. 
If the air is largely, but not wholly, exhausted from a 'Vacuum 
tube” (a familiar object in illuminated signs) with two metallic 
terminals or electrodes, one, the anode, to carry the electric dis- 
charge in, and the other, the cathode, to carry it out, very strik- 
ing phenomena at once appear. From the cathode, streams of 
rays, the cathode rays, are emitted which excite luminescence on 
the glass or on a screen placed m the tube, an observation orig- 
inally made in 1838. These streams of rays consist of electrons 
travelling at speeds scores of thousand of miles per second. From 
the anode other streams of heavy particles, first observed by 
Goldstein, travel towards the cathode, with lesser speeds, but 
at rates still measured in thousands of miles per second. The 
cathode rays or electrons are atoms of negative electricity and 
hence are all alike no matter what is the source. The anode rays 
are positively charged particles, but not atoms of positive elec- 
tricity (except in the case of hydrogen), which differ in weight 
and substance with the gas in the tube. If the gas is nitrogen, 
the anode rays are atoms of nitrogen which have lost an electron. 
If the gas is oxygen the anode rays are likewise atoms of oxygen 
which have lost an electron. 

In 1895 Roentgen discovered X-rays, and in the following 
year radioactivity was found by Becquerel. From the experi- 
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ment-s of Faraday on electrolysis in 1833, Helmholtz in 1881 
inferred the atomic nature of electricity which was verified by 
the identification of the electron as the atom of negative elec- 
tricity. These observations originally appeared to have nothing 
in common until the discovery of the electron united them in an 
intricately constituted atom. When the radioactive radiations 
were analyzed by Rutherford into alpha and beta rays, the latter 
were found to be electrons. The collision of electrons with a 
metal target in the cathode-ray tube originated the X-rays. The 
alpha rays, though positively charged, differed from the positive 
anode rays, and were found to be helium atoms which had lost 
an electron. 

The alluring process of atom building now began. Since an 
atom in its normal state is electrically neutral, there must be a 
positive charge somewhere within it to balance exactly the nega- 
tive electrons. Rutherford suggested an atom like the solar sys- 
tem in which particles of positive electricity, called protons, 
formed the nucleus around which electrons revolved like planets 
around the sun. Atoms differ from each other in the number 
of planetary electrons, and in the equal number of protons in 
the nucleus. Since the electrons have a very minute mass, the 
weight of an atom is centered in the heavy central nucleus. So 
far apart are the electrons that the Rutherford atom is relatively 
as ''porous as the solar system." The emptiness of matter is an 
extraordinary discovery of modern atomic physics. 

The electrons by themselves are of fundamental importance. 
.They constitute the electric currents in conductors which are the 
basis of all applications to industry and communication by tele- 
graph and telephone. In radio tubes electrons are essential for 
the reception of broadcasting, and in photoelectric cells, the 
popular "electric eye," they find increasing usefulness. In prop- 
erly designed cathode-ray tubes electrons are the essence of radar, 
and in other forms of tubes electrons furnish the remarkable 
X-rays. So widespread are their applications that the period 
since their discovery may well be called the electronic age. 

In 1913, Moseley, a gifted young English investigator, a vic- 
tim of the unfortunate Gallipoli expedition of the First World 
War, discovered that an atom should exist corresponding to 
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every whole number from 1 to 92, which are the atomic num- 
bers of hydrogen, the lightest, and uranium, the heaviest, natural 
elements known. The atomic number and the atomic weight, 
or mass number, as it is now often called, are of profound im- 
portance in revealing the details of atomic structure. 

A remarkable development in atomic physics was made by 
Sir J. J. Thomson in his discovery that the atoms of an element 
are not all alike; they differ in atomic weight though not in 
atomic number. These atoms have the same chemical properties 
and are known as isotopes, since they occupy, as the word in- 
dicates, the same place in the Periodic Table of the elements. 
Oxygen, for example, exists in three isotopic forms, while tin 
has ten. In all of the ninety-two elements there are 290 isotopes, 
which is also the number of different atoms. Two substances 
whose isotopes ate of sensational importance are hydrogen and 
uranium, each with three. The atomic weights of the hydrogen 
isotopes are 1, 2, and 3; and those of uranium are 234, 235, 
and 238. Since water is composed of two atoms of hydrogen 
united with one atom of oxygen, the six isotopes can be put to- 
gether in eighteen different ways to give possibly the same num- 
ber of waters, which are mingled together in ordinary water. 
One of these, called heavy water, formed of hydrogen isotope 
number 2, was isolated by Urey in the United States, and has 
received much publicity from its use in developing the atomic 
bomb. One isotope of uranium, 235, is the actual substance of 
which the bomb is composed. 

Another discovery of outstanding importance is that of the 
neutron by Sir James Chadwick. The neutron is an uncharged 
or neutral particle of about the same mass as the proton, which 
is now believed to be a constituent of all atoms except the first 
hydrogen isotope of unit atomic weight. 

The constitution of the atom as modernly conceived may now 
be stated. Hydrogen of atomic number 1, and of atomic weight 1, 
consists of one planetary electron revolving about a nucleus of 
one proton. Hydrogen of atomic number 1 and atomic weight 2, 
has one electron and a nucleus of one proton and one neutron. 
Hydrogen of atomic number 1 and and of atomic weight 3, has 
still one planetary electron and a nucleus of one proton with 
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two neutrons. The increasing number of neutrons in the nucleus 
changes the atomic weight but not the atomic number. In uran- 
ium of atomic number 92 and atomic weight 238, there are 
ninety-two planetary electrons and in the nucleus ninety-two pro- 
tons. But since the atomic weight is 238, there must be 238 — 
92 = 146 neutrons to account for it. In the isotope, uranium 
235, there are the same number of electrons and protons but only 
143 neutrons. Similarly from the atomic number and weight 
the constitution of all atoms can be ascertained. 

These combinations of particles in most of the 290 atoms at 
present known are very stable and can only with difficulty be 
disturbed. But in atoms of the highest atomic weight, such as 
those of radium, uranium, and a few others, conditions of lim- 
ited instability prevail and spontaneous disintegration occurs 
which gives rise to the phenomena of radioactivity. Planetary 
electrons occasionally fly off from the atom with enormous speeds 
and are called beta rays. Groups comprising two protons and 
two neutrons — ^the helium nucleus — for some reason sponstan- 
eously split off from the massive nucleus, and because of the 
powerful repulsive forces stream rapidly away as alpha rays with 
velocities as high as 18,000 miles per second. The nucleus also 
emits gamma rays which are very short and highly energetic 
X-rays. Thus an atom of radium is a powerful X-ray tube. If 
these rays strike the flesh too long or too powerfully, destruction 
or '‘burns" occur which never heal. 

In 1919 Lord Rutherford successfully attacked the problem 
of the artificial disintegration of the nucleus by bombarding 
nitrogen gas with high-speed alpha particles from a radium 
product. Occasionally a collision occurred, about once in a mil- 
lion times, with the result that a proton was split off from the 
atom. This experiment inaugurated the nuclear age of atomism, 
which has directly led to the production of the atomic bomb. 

A notable advance was made by Rutherford’s pupils, Cock- 
croft and Walton, who for bombardment used protons as pro- 
jectiles to which the necessary high velocities were given arti- 
ficially by electrical transformers. This experiment opened the 
way for the invention of other types of instruments of an ex- 
ceptionally ponderous and expensive character by which electrons 
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and protons could be given speeds almost comparable with the 
limiting velocity of light. These giant devices, such as the cyclo- 
tron, chiefly developed in the United States, are popularly known 
as **atom smashers,” a term which seems to the writer highly ob- 
jectionable. For smashing anything suggests reducing it to a 
shapeless ruin, whereas the nuclear disintegrations which they 
produce are orderly, if sometimes violent, disturbances which in 
all cases can be represented by nuclear equations. It would be 
difficult to represent by an equation an automobile after a 
colh^n. 

^arly in this century (1905) Einstein proposed his famous 
equation, E == MC^, which shows the equivalence between the 
energy, E, of any substance and its mass, M. This relationship 
involves the velocity of light, C, which is the enormous quan- 
tity of 186,000 miles or 3 X I0^° centimetres per second. As 
this quantity is squared in the equation, it reaches the colossal 
magnitude of 9 X lO^o. The equation means that if a piece of 
matter is transformed into ener^Wt ceases to exist as matter and 
appears as energy in the form heat, the greatest that can be 
imagined in nature. It is true for all matter, and, while includ- 
ing atoms of uranium, is not confined to them. As much energy 
can be derived from the transformation of a pound of earth or 
butter as of a pound of uranium. What must occur m every 
case is the disappearance of the matter and the simultaneous 
appearance M the equivalent energy. Both cannot exist at the^ 
same time, fone pound of any kind of matter when transformed 
into energy will give 15,270,000,000 horse-power hours, or 
11,400,000,000 kilowatt hour^ The kilowatt hour is the unit 
by which I we purchase electrfc energy for lighting our homes. 
No method is known by which the transmutation of mass into 
energy can be artificially -effected. It occurs spontaneously in only 
two substances at present known, one of which is the isotope, 
uranium 235, and the other a new, artificially produced element, 
plutonium, of atomic number 94, which is obtained from uran- 
ium. The transformation is naturally accompanied by an almost 
instantaneous process known as a chain reaction which was dis- 
covered, and misinterpreted, by Hahn in Berlin, but correctly 
interpreted by Dr. Lise Meitner in Germany who also discovered 
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its occurrence in U-235. The anti-Semitic fury of Germany con 
polled her to escape from that country, and she was able to gh 
the information to the Danish physicist, Niels Bohr, who a 
caped from Denmark to England. Thus this all-important dii 
covery was removed from Germany and placed at the disposa 
of the British and American physicists From it came the atomi 
bomb. It may indeed be the case that the racial hatred of Hitle 
in the end cost him the loss of the war. 

In the chain reaction a neutron strikes an atom of U-235 an< 
divides it into two massive parts which appear to be barium, i 
metal of atomic weight 137, and the rare gas krypton of atomi( 
weight 84, and at the same time releases two or three other neu 
trons from the atom. This process is known as fission. Since 
the isotope of uranium has an atomic weight of 235, and those 
of barium and krypton are together equal to 221, to which musi 
be added the weight of three neutrons, making 224, the shrink- 
age results in the loss of mass equal to 235 — 224 or 11 units. 
This is the amount of mass which is transformed into energy. In 
one pound of U-235, the loss of weight through fission is only 
one one-thousandth of a pound; but this is suddenly trans- 
formed into 11,400,000 Idlowatt hours of energy, which is 
equivalent to that produced by burning three million pounds, or 
1,500 tons, of coal. , 

The released neutrons collide with neighboring atoms and 
the process of fission is repeated and spreads almost instantan- 
eously through the whole mass of the isotope 235. The chain 
reaction does not occur in U-238. For fission to ^continue, it is 
essential to have a sufficiently large mass of uranium 235 or of 
plutonium. In too small a mass it stops through loss of neutrons. 
As U-235 is mixed with ordinary uranium 238 in the low pro- 
portion of one pound of the former to 140 pounds of the latter, 
it is essential that it should be separated, and that is the carefully 
guarded secret process. Sufficient U-235 or plutonium is an 
atomic bomb. If two or more sub-critical quantities of U--235 are 
placed by themselves in the bomb, and at the decisive moment are 
suddenly thrown together, enough stray neutrons in the air start 
innumerable chain reactions which of themselves sweep through 
the mass producing a colossal release of energy. 
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If the equivalent energy produced by 1,500 tons of coal were 
gradually released by burning one ton a day, it would take over 
four years. In the atomic bomb this quantity of energy for each 
pound of material is released in a minute fraction of a second. 
The concentrated heat energy therefore raises the temperature to 
hundreds of milhons of degrees, the light is for the moment far 
brighter than that of the sun, and the out-rushing air-blast has 
a pressure and a temperature which probably no structure can 
withstand within a mile or two of the explosion. This energy 
is the greatest known to science and it cannot be exceeded 
except by increasing the number of atoms disintegrated. In 
this way only can bombs of increasing destructiveness be con- 
structed. If fission through chain reactions could occur in any 
other substance, it also would be equally effective as an atomic 
bomb. 

Atomic energy of this type has no place in the Demoaitean 
and medieval concepts of the atom. It is associated with the 
modern atom only because of its divisibility and electronic and 
nuclear structure . . . 

Some effort to assess the human significance of atomic energy 
is made by Norman Cousins in his enlarged editorial. Modern 
Man is Obsolete, That the present world civilization has long 
been on the decline and is now perilously facing catastrophe is 
evident. But it is equally clear that, apart from the sudden 
menace of destructive atomic energy, a new world-order is aris- 
ing which in large measure is due to science. World communi- 
cation now embraces the whole globe. World transportation is so 
swift that no two places on its surface are more than sixty flying- 
hours apart. Despite its division into many races, nations, and 
languages, the world has become a geographic unit. Business 
and finance recognize this fact, and the great corporations and 
cartels divide the world among them without the least regard 
for national boundaries or sentiment, except that each unit se- 
cures its own country for exploitation by itself To dominate 
this world-order was the aim of Germany. While this attempt 
has been defeated at frightful cost, the new world-era is still 
before us. There are minds so obsessed with the past that they 
are incapable of receiving so enlarged and elevating a concept. 
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Fearful of and antagonistic to the new, they cling tenaciously 
and despairingly to the old. These are isolationists. Perhaps it 
is because of this age-long spirit that a new era is always ushered 
in with violence. The ''modern” man of five centuries ago (that 
is, his concepts) was obsolete when the ancient world was finally 
obliterated by the fail of Constantinople. But new world move- 
ments, the revival of learning, the Reformation, the era of geo- 
graphical discovery, the rise of science, the Industrial Revolution, 
political freedom, soon began to manifest themselves; they have 
continued to the present time and are now expanding into the 
new era. Indeed it is the movements then beginning that are 
now unfolding a still grander world-order into which man is 
precipitated by the release of atomic power. The stern analogies 
of history indicate that catastrophic change is the precursor of a 
new age. Forces of destruction, both human and physical, are 
now in existence on a scale of an immensity hitherto impossible 
and unimaginable, and they will, it can scarcely be doubted, 
shortly engulf the world; but out of the confusion and violence 
it will emerge into a new order. It is not man that is obsolete, 
it is his concepts. Given sufficient time, the new age could 
gradually be established. But time is not available; or perhaps 
It would be more accurate to say that the time which was 
available has been uselessly frittered away until probably in- 
suffiaent now remains. Education can do nothing to ward off 
the threatened upheaval, for education has created the menace. 
Nothing is apparent to show that the world is in the least sus- 
ceptible to a religious appeal. And so catastrophe still is the likely 
prelude to the new world order. Perhaps future generations will 
see more clearly than is possible for us that catastrophe was 
necessary to remove the evils of a grand but perishing age and 
to select the nations that were worthy to construct the new world 
order. 

The development of the atomic era from its inception by 
Democritus to the present aisis is of singular interest when con- 
trasted with the succession of empires of "diminishing glory but 
increasing strength” which constituted the ancient world. It 
must not be supposed that there is any connection whatever be- 
tween the theory of atomism and the course of empire, for the 
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builders of kingdoms knew nothing of and cared less for the 
concepts of science. But the parallelism serves to show the per- 
manence of correct ideas in contrast with the transitory nature 
of political affairs. 

When physical science, including the doctrine of elements, 
was founded by Thales (600 B.C.), the first and most glorious 
of world empires, the Babylonian, was dominant. When atomism 
was proposed by Democritus (420 b.c.) the Medo-Persian Em- 
pire had succeeded to its power. While the foundations of 
atomistic philosophy were under discussion by Plato, Aristotle, 
and Epicurus, tlie Macedonian Empire was rising into preemi- 
nence. When Lucretius (75 B.c.) gave to atomism its highest 
ancient development, Rome had established its sway over most of 
the known world. The rejection and decline of atomism initiated 
by Galen (a.d. 200) paralleled the beginning of the decline of 
the Roman Empire at the accession of Commodus (a.d. 185), 
while the extinction of that Empire and of the anaent world 
order by the fall of Constantinople (1453) inaugurated world 
movements which brought atomism into scientific thought afresh. 
The rise of modern countries parallels the increasing importance 
of the atomic theory. Spain passed the climax of her power when 
atomism began to flourish. The recognition of the elements of 
matter in France by Lavoisier, executed in the Revolution be- 
cause the * 'Republic had no need of chemists,” came just when 
the Bourbon dynasty was extinguished in blood. The ascendancy 
of the Anglo-Saxon people, the founding of the British Empire 
and of the United States, and the progressive geographical dis- 
covery of the world have paralleled the establishment of the 
atomic empire of science. The two attempts of Germany to at- 
tain world domination came when the divisibility of the atom 
was achieved, and the electronic and nuclear eras of the atomic 
age were founded. The world war just won by the United Na- 
tions was, as it now appears, a race for the discovery of the 
release of atomic energy by the opposing powers. It is a re- 
markable coincidence that military victory came simultaneously 
with the victory over nature by science. The significance of the 
atom had been brilliantly and tragically established. The future 
is imcertain. But it seems assured that the uncontrolled release 
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of atomic energy will in large measure decide the future dom- 
inant power of the world; while its ultimate controlled release 
will mightily help to complete the emancipation of mankind 
from unending and hopeless toil, and free the mind and spirit 
for the high purposes for which they were clearly designed. 


THE NATURE OF THE ATOM ^ 


The structure of matter preoccupied man long before the be- 
ginning of systematic natural science. His interest grew out of 
philosophical reflection, out of the need to introduce into a 
world of changing phenomena a principle of order. As early 
as the twelfth century b.c. the Hindus developed a kind of 
atomic theory, according to which matter was composed of tiny 
particles -separated from one another by empty space. These 
particles were supposed to attract one another strongly, and thus 
was explained the resistance offered by any solid body to being 
divided. A considerable theoretical advance was made by Demo- 
critus and Leucippus, according to whom the particles them- 
selves were indivisible (hence the name atom) and in rapid 
motion. The Greek philosophers even advanced the view that 
various substances differed from one another only in the number 
and arrangement of the atoms composing them. Although this 
Greek view seems quite close to present-day ideas, it was founded 
solely on philosophical considerations and led to no advance in 
factual knowledge. 

/ The atomic theory could become fruitful for chemistry and 
pV^s only after England’s Robert Boyle (1627*91) and John 
Dalton (1766-1844), on the basis of careful experimental in- 
vestigations, gave clear definitions of the concepts of atom and 
elexnei^ According to Boyle, the basic substances or elements 
are those which, like lead or mercury, are not composed of other 
substances and cannot be decomposed into other substances. He 
also established the fact that all decomposable substances are 
chemical compounds of two or more elements. Dalton showed 


2 By Meitner, Austrian Scientist and Mathematician, whose research in 

development oi the atomm bomb” 
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that when two chemical elements unite to form a compound^ 
they always do so in definite proportions. For instance, any 
amount of hydrogen always combines with eight times its weight 
of oxygen to form water, regardless of the amounts of hydrogen 
or oxygen present. 

From this fact Dalton deduced that every element ‘ consists 
of invisibly small, indivisible units, or atoms, and that all the 
qualities of a given element are present in its atoms. Therefore 
there must be as many kinds of atoms as there are elements. One 
or several atoms of one element can chemically unite with one 
or several atoms of another element. The smallest unit of the 
new compound is called a molecule, which thus consists of at 
least two atoms. Two atoms of hydrogen and one atom of oxy- 
gen form a molecule of water. Since these elements combine 
in the ratio of one part to eight by weight, one atom of oxygen 
must be sixteen times heavier than one atom of hydrogen. 

The ratio of the weight or mass of an atom of any element 
to the weight or mass of the hydrogen atom is termed its atomic 
weight. Thus oxygen’s atomic weight is sixteen. If we know 
the mass in grams of a single atom of just one element, we can 
calculate the masses of the atoms of all elements on the basis 
of their atomic weights. Since the atoms are invisibly small 
units, their masses are, of course, inconceivably small. This means 
that any weighable amount of an element must contain an ex- 
traordinarily large number of atoms. We have various methods 
of determining that number. One gram of gold contains a 
number of atoms that can be represented roughly by the figure 
three followed by twenty-one zeroes (this comes to about three 
thousand billion bilHon atoms). 

An approximate idea of the size of an atdin can be obtained 
as follows. By measuring the radius of a soap bubble, we can 
calculate the area of its spherical surface. After bursting the 
bubble we can determine its weight, and thus the thickness of 
the film. Such calculations show that soap bubbles are some- 
times less than one-millionth of a centimeter thick. Since the 
bubble must consist of at least one layer of soap molecules, these 
molecules must have diameters smaller than one-millionth of a 
centimeter. And the atoms composing the molecules must be 
even smaller. 
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Theire are ninety-two different elements, and they can be 
arranged according to chemical properties in what is called the 
periodic system of the elements. In first place is the lightest ele- 
ment, hydrogen; the system ends with the heaviest natural 
element, uranium, in ninety-second place. Each element con- 
sists of specific atoms. If the atom is the ultimate indivisible 
unit of matter, it seems impossible to transform one element 
into another. In any case, to most chemists of the nineteenth 
century the great successes of chemistry seemed completely to 
justify abandonment of the alchemists’ old dream. 

But fundamental ideas develop according to laws of their 
own, The periodic table strongly suggested the existence of sys- 
tematic connections among the elements that seemed to con- 
tradict the assumption that they were completely independent 
of one another. As a result, the real existence of atoms was by 
no means generally accepted, even though in the course of the 
nineteenth century the theory received several confirmations from 
physics One of the most zealous advocates of the atomic theory 
was Ludwig Boltzmann, who taught theoretical physics at the 
University of Vienna when I began my studies there in 1902, 
He explained to us with great enthusiasm the significance of the 
concept of the atom, and spoke with deep gratitude of the ex- 
perimental proof of the existence of atoms that had been sup- 
plied by the discovery of radioactivity. That this proof would 
revolutionize the very concept of atoms he never suspected. 

The new development had begun in France in 1896 with 
Henri Becquerel’s discovery that substances containing uranium 
emit invisible rays capable of bladcening photographic plates and 
of transforming gases such as air (normally nonconductors) into 
electrical conductors by splitting the gas molecules into elec- 
trically charged positive and negative atoms (so-called ions). 
Thorough investigation of these phenomena, first by Pierre and 
Marie Curie in France, then by Ernest Rutherford and his school 
in England, and by his disciple, Otto Hahn, and many others in 
Germany and elsewhere, led to surprising discoveries. There 
began a series of theoretical and experimental investigations des- 
tined to change our entire conception of the world. 

Mme. Curie discovered that all uranium ores contain a new 
element that emits much more intense rays than uranium; she 
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named it radium. It occupies the eighty-eighth place in the peri- 
odic table. A number of other elements were discovered in uran- 
ium orCj all radioactive — that is, with the property of emitting 
rays. It was shortly discovered that these rays are of three gen- 
eral types, which, while their true nature was still unknown, were 
named for the first three letters of the Greek alphabet — alpha, 
beta, and gamma. Further research showed that only the gamma 
rays were undulatory like light or X-rays. The alpha and beta 
rays were shown to be, in reality, material particles that fly out 
of radioactive elements at such extraordinary speed (some almost 
as fast as light) as to share the characteristics of rays. The alpha 
rays are atoms of helium with a double positive charge (i.e , 
doubly ionized). Helium occupies second place in the periodic 
table. The beta rays are identical with such negatively charged 
electrons as occur, for instance, in radio tubes. 

Alpha and beta rays possess enormous energy because of their 
great velocity — ^more than 20,000 to 100,000 times greater than 
that of the fastest projectiles. Hence by using extraordinarily re- 
fined measuring instruments, it is possible to trace a single alpha 
or beta ray by its eflects, much as a ski track on freshly fallen 
snow reveals the course of the skier. Thus, in a sense, nuclear 
particles are made “visible.” 

The statement that radioactive substances emit alpha and beta 
rays, or particles, is identical with the statement that these sub- 
stances are not stable elements. For if an element ejects particles, 
It must undergo a change — a change into another element. For 
instance, radium sending out alpha rays decays from a metal into 
a gaseous element called radon. Radon in turn, by the emission 
of alpha rays, is transformed mto a new element, and so on. 
Uranium, which emits alpha rays, is in the end transformed into 
the stable element, lead. This occurs through u number of in- 
termediate stages, the material of each of which turns into the 
next by the emission of either alpha or beta rays. In this process, 
each radioactive element is characterized by a definite rate of 
transformation. Half of any given amount of radium, one of the 
radioactive intermediates, is transformed into radon in the course 
of sixteen hundred years. Half of any given amount of radon 
is transformed into its next product in 3.8 days. These periods 
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are called half-lives, and vary from element to element. It was 
also found that thorium undergoes similar changes. 

Since a given element consists entirely of atoms of a single 
kind, it follows that the uranium atom, through the formation 
of various unstable intermediate atoms, changes into a stable 
lead atom. This proves that the atom is not indivisible. It must, 
then, be built of simpler components. 

The discovery of this surprising fact became the starting 
point of the tempestuous development of atomic (and nuclear) 
physics since the turn of the century. 

It led naturally to the question: what then are the ultimate 
and indivisible constituents of matter? If uranium, through 
various intermediate stages, is transformed into radium and 
finally into lead, the atom of uranium must contain the ele- 
mentary particles from which all these elements are built. The 
idea was not new that the atoms of all the elements are com- 
posed of identical elementary particles and differ only in the 
number and arrangement of those particles. But only the dis- 
covery of radioactivity enabled physicists to study atomic stmcture 
experimentally by observing the behavior of the extremely speedy 
alpha particles as they passed through gases or solids. 

The alpha particles act as a kind of atomic probe. It is pos- 
sible to study their interaction with the atoms of the substance 
through which they pass, and to draw therefrom conclusions 
regarding the atom’s constitution. We can follow a single alpha 
particle’s path and observe what happens when it collides with 
atoms of various kinds. Knowledge acquired through such ex- 
periments during 1911, 1912, and 1913 led to the conception 
of the atomic model by Rutherford and Niels Bohr, the Danish 
physicist, > 

Before describmg this model we need a few words about the 
nature of electric charge. It, too, has an atomic structure. There 
is a basic unit of electric charge whose magnitude, independent 
of its positive or negative sign, can never be decreased. It is in- 
divisible, and any electric charge is a whole multiple of it. If 
this unit is positively charged, it cannot be combined (except in 
a special case that we may ignore here) with a smaller mass 
than the mass of the lightest atom, hydrogen. But if the charge 
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is negative, the smallest mass occurring as the bearer of this unit 
has only one eighteen-hundredth of the mass of an atom of 
hydrogen. This negatively charged unit is called an electron, 
and has a radius fifty thousand times smaller than that ascribed 
to the hydrogen atom. The cathode rays appearing in discharge 
tubes (such as those used in television and radar) are electrons 
in rapid flight. 

Positive and negative electric particles and their mutual at- 
traction must play a decisive role in the structure of the atom. 
On the other hand, ordinary matter is nonelectric, and normally 
atoms, too, are nonelectric. That is, they contain an equal num- 
ber of positively and negatively charged particles. 

These facts and the experiments with alpha particles led to 
the following picture, first conceived by Rutherford in 1911. 
Each atom consists of a positively charged nucleus in which is 
concentrated almost the entire mass of the atom. Around the 
atomic nucleus move as many negative electrons as the nucleus 
contains positive charges. The number of positive unit charges 
in the nilcleus is equal to the number denoting the place of the 
given element in the periodic table and is, therefore, termed the 
element's atomic number. The hydrogen atom, occupying first 
place, is composed of a nucleus with a positive charge of one, 
and one electron circling around the nucleus. Helium, in second 
place, has a nucleus with a positive charge of two, and two elec- 
trons circling its nucleus. And so on, up to the ninety-second 
and heaviest element, uranium, built of a nucleus with a positive 
charge of ninety- two, and ninety-two surrounding electons. 

An alpha particle is simply a helium nucleus — ^that is, an 
atom of helium (radial magnitude equals a few hundred-mil- 
lionths of a centimeter) that has lost both of its planetary elec- 
trons and is moving with great velocity. 

Experimental studies of the collisions of alpha particles with 
atoms showed that positively charged alpha particles are occa- 
sionally strongly diverted from their straight paths by the re- 
pulsion of positively charged nuclei in the atoms. The extent of 
deflection can be measured. Repulsion forces between electric 
charges of a single sign (positive or negative) are known. Thus 
it can be inferred that to bring about strong deflections of alpha 
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particles, collision between them and atomic nuclei has to take 
place in an extraordinarily small space, about ten thousand times 
smaller than the atom’s radius. But this is possible only if the 
radii of colliding atomic nuclei are about ten thousand times 
smaller than the radii of the atoms. 

Conceived as a sphere, the atomic nucleus thus has a volume 
one thousand billion times smaller than that of an atom. The 
ratio of magnitude between an atomic nucleus and an atom 
.corresponds more or less to that between a grain of sand and 
the interior space of Vienna’s Cathedral of St. Stephen. The 
size of the atom is determined by the distance of the outside 
shell of electrons from the atomic nucleus. Compared to this 
distance the size of the electrons themselves is negligible. 

As we have said, all the qualities of an element are deter- 
mined by the magnitude of the positive charge of its atomic 
nucleus. The atomic nucleus of the simplest element, hydrogen, 
is the bearer of the positive unit charge. Hence the hydrogen 
nucleus is one of the elementary particles of matter. It is called 
a proton. The nucleus of an atom of hydrogen contains one pro- 
ton, that of an atom of helium two protons, and so on up to the 
nucleus of an atom of uranium, which contains ninety-two pro- 
tons. But if the atomic nuclei were built only of protons, Bieir 
atomic weights would have to equal the number of protons they 
contain. In reality the atomic weights are much larger. For in- 
stance, oxygen occupies the eighth place in the periodic system; 
hence it contains eight protons. But its atomic weight is sixteen. 
Thus nuclei must contain, in addition to protons, other elemen- 
tary particles that, while contributing considerably to mass, leave 
electric charge unchanged. These particles, being electrically neu- 
tral, are called neutrons. 

In the course of artificial transformation of elements (see 
below), neutrons were spit ofif from the atomic nuclei and their 
masses determined. The mass of neutron proved almost exactly 
equal to the mass of an atom of hydrogen. The number of neu-, 
trons present in an atomic nucleus is therefore equal to the dif- 
ference between the atomic weight and the number of protons 
it contains as indicated by its place in the periodic table. Given 
the atomic weight and atomic number of an element, we can at 
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once indicate the number of protons and neutrons that form its 
atomic nuclei. The nucleus or ordinary hydrogen contains one 
proton and no neutrons. That of helium, second in the table 
with an atomic weight of four, must be composed of two pro- 
tons and two neutrons. Uranium, in ninety-second place with an 
atomic weight of 238, must have an atomic nucleus composed 
of ninety-two protons and 146 (238 minus 92) neutrons. 

The fact that such a large number of particles compressed 
within the minute space of the atomic nucleus constitute a stable 
structure shows that extraordinarily strong forces of attraction 
operate among them. The electrons are maintained in the atom 
in a certain equihbrium by the electrical attraction of the nuclear 
protons and by the centrifugal forces arising from the rapid mo- 
tion of the electrons around the nucleus — though compared to 
the dimension of the nucleus, the electrons are very distant from 
it. These electron forces, however, are much smaller than those 
within the atomic nucleus itself. 

The protons, neutrons, and electrons are the ultimate con- 
stitutents of matter. The truth is that an element — although we 
continue to call hydrogen, uranium, lead, and so forth by that 
name — is not an element at all. It is a complex structure and, 
as such, further divisible. 

A stable atomic nucleus can contain, at most, ninety-two 
protons; beyond uranium there are no natural stable elements. 
Is there a similar simple limitation of neutrons whose number 
(together with the number of protons) determines an element’s 
atomic weight^ All nineteenth-century chemists believed that 
each element had a certain characteristic atomic weight. In terms 
of modern atomic theory, this would mean that a given number 
of protons could form a stable nucleus only with a definite num- 
ber of neutrons. This proved false. 

Atomic nuclei, which contain a definite number of protons 
and thus belong to a particular element, can have a number of 
neutrons varying within certain hmits. Atomic nuclei of a given 
element can, therefore, vary in atomic weight. For instance, in 
addition to the ordinary hydrogen atom, whose nucleus contains 
only one proton, there is the so-called "heavy” hydrogen atom 
widi a nucleus composed of one proton and one neutron, and 
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with almost double the atomic weight. Most elements are mix- 
tures of atoms of somewhat varying weights. These variants are 
called isotopes, because, belonging to the same elment, they 
occupy the same place in the periodic system. Water always con- 
tains a small fraction (.02 per cent) of heavy water, whose mole- 
cules contain heavy hydrogen. 

The existence of isotopes proves that atomic weight does not 
possess the significance once ascribed to it. It is not a charac- 
teristic constant of the element, but rather of the atomic nucleus. 
From this weight we can determine a very important magnitude, 
namely, the work or energy that must be consumed to decom- 
pose an atomic nucleus into its constituents or, inversely, the 
energy that would be released were an atomic nucleus to be built 
up from protons and neutrons. 

To explain this it must be recalled that mass is only a par- 
ticular form of energy that can be transformed into thermal or 
electrical energy — as with mechanical energy (or work). The 
inverse, also, is true: when we increase the energy of a body — 
for instance, by adding thermal energy (raising its temperature) 
— we also increase its mass The reason we cannot usually de- 
tect this increase is simply that mass represents an extraordinar- 
ily great reservoir of energy, ^mass of .001 of a unit of atomic 
weight (that is, one thousand times smaller than the mass of a 
hydrogen atom) represents an energy of about one million elec- 
tron volts or the energy acquired by an electron in moving 
through an electric field of one million volts. Now, the mass (in 
grams) of hydrogen atom is represented by a figure that rises 
above 2:ero only at the twenty-fourth decimal place — only 
0OCM3OQ0OOOQQO®OO£)OOOQQQ^J Consequently it will be readily 
understood that in a microscopic body we cannot achieve a 
measurable change of mass by increasing or decreasing energy. 
The kinetic energy of the fastest projectiles increases their mass 
by less than a billionth part of the original amount. But changes 
in mass produced by changes in energy within masses as small 
as those of atoms are readily ascertainable. 

Let us again consider the atomic nucleus of heavy hydrogen. 
It is the simplest nucleus formed by protons and neutrons, 
since it contains one of each. We know accurately the masses 
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of these particles. If mass were an unchangeable magnitude, 
the mass of heavy hydrogen would be equal to the sum of the 
masses of proton and neutron. In fact, however, it is smaller 
by an amount corresponding to energy of about two million 
electron volts. This energy was obviously given off when, bil- 
lions of years ago, the atomic nucleus of heavy hydrogen was 
formed from one proton and one neutron. And we must ex- 
pend exactly the same amount of energy to decompose this 
nucleus into its two components. If we form an atomic nucleus 
of heavy hydrogen by combining one proton and one neutron, 
we get about two million electron volts of energy in the. form 
of gamma rays. 

What we have said about the nucleus of heavy hydrogen is 
equally true of the atomic nuclei of all stable elements: the 
mass of an atomic nucleus is always somewhat smaller than the 
sum of the masses of protons and neutrons forming it. This 
difference in mass, or as it is usually called, the mass defect, can 
be easily deduced from the relevant atomic weight. It can be 
expressed in terms of energy on the basis of the ratio given 
above. It represents the "'binding” energy of the specific atomic 
nucl^s. 

Me amounts of energy stored up in atomic nuclei are mil- 
lions of times greater than those we can obtain through any 
chemical process. Chemical processes affect only the outside 
electronic shell of atoms^ When two atoms of hydrogen and 
one atom of oxygen combine into one molecule of water, the 
nuclei remain unchanged; only the arrangement of the outside 
electrons change^^ And since both the distances between elec- 
trons and their dStances from the atomic nucleus are very large 
compared with the nuclear dimensions, changes in electron ar- 
rangement are connected with energy changes that are relatively 
slight compared with the energies in play within nuclei. 
Similarly, all electric, magnetic, and optical processes are con- 
fined to atoms* electronic shells and do not touch nuclei. Hence 
all attempts to transform one element into another by chemical 
or ordinary physical processes are ineffective. 

The transformation of an element requires the transforma- 
mation of its nucleus. When uranium (via radium) disin- 
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tegrates into lead, it does so spontaneously. Radioactivity is a 
property of the atomic nucleus. The energies released in this 
process are now accurately known. When one gram of radium 
is transformed enbrely into lead, the kinetic energy present in 
the emitted alpha and beta rays would suffice to bring twenty-five 
tons of water to the boiling point. This energy is about one 
million times greater than that released by chemical processes. 
Because radium is transformed very slowly, requiring thousands 
of years to develop this great energy, the process is not subject 
to technical control. But the alpha particles of naturally radio- 
active substances can supply us with energies of several million 
electron volts. 

Rutherford achieved the first artificial transformations of 
atoms in 1919 by irradiating such substances as nitrogen and 
aluminum with alpha rays — that is, helium nuclei rich in energy. 
As a rule these helium nuclei, when coming close to a nucleus 
of nitrogen, are diverted from their paths. This process is 
comparable to the clash of two billiard balls. Occasionally the 
helium nucleus will move directly toward the nitrogen nucleus 
and approach it so closely that the two nuclei inter-react, just as 
two clashing atoms react chemically and form a chemical com- 
pound. In such a case, the helium nucleus merges with the 
nitrogen nucleus (positive charge of seven), splitting off a pro- 
ton. Thus the charge of the nitrogen nucleus is raised by one 
unit, that is, it becomes eight. And a nucleus with a charge 
of eight IS an oxygen nucleus. The external manifestation is 
that the proton flies out with great energy and, like a single 
alpha ray, can be made * Visible." Thus we can “see" the trans- 
formation of a single atom into a different atom. 

The oxygen produced from nitrogen is ordinary stable 
oxygen. But in the course of such nuclear reactions there can 
also be formed new atomic nuclei that are unstable, or radio- 
active. With the emission of rays they change into stable nuclei 
of a higher or lower atomic number. An instance is the nuclear 
reaction that occurs when aluminum is subjected to the action 
of alpha particles, an operation often referred to as the bom- 
bardment of aluminum with alpha particles. 
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Occasionally an aluminum nucleus is hit directly and captures 
the helium nucleus, simultaneously splitting off a neutron. Since 
the helium nucleus has a charge of two units and since the split- 
off neutron is uncharged, the new atomic nucleus must have a 
charge higher than that of the aluminum nucleus by two units — 
that is, a charge of fifteen. In the fifteenth place of the periodic 
table we find the element phosphorus. The bombardment of 
aluminum by alpha particles thus changes some of the aluminum' 
into phosphorus. 

But this phosphorus contains in its atomic nucleus one neu- 
tron less than the ordinary phosphorus; it is an isotope of 
phosphorus, a radioactive isotope, which, through emission of 
rays, is gradually transformed into stable silicon. 

The radioactivity of this artificially produced phosphorus 
makes it possible in this nuclear reaction to ascertain not only 
the presence of the neutron that flies out with great energy, but 
also the newly produced phosphorus. It has all the chemical 
properties of ordinary stable phosphorus and can be separated 
from aluminum by chemical methods characteristic of phos- 
phorus. Thus we know that it is a phosphoms isotope. 

And although the quantities of radioactive phosphorus pro- 
duced in such a nuclear reaction are mconceivably small, the 
fact that It emits rays makes it possible to ascertain its presence, 
for each emitted ray is observable. The radioactivity of this 
artificially produced phosphorus isotope was first proved by 
Irene and Frederic Joliot in 1934, and iims artificial radioactivity 
was discovered. 

Since the atomic nuclei are built out of protons and neutrons, 
these will naturally react with atomic nuclei if they can get 
close enough to them The natural transformation products of 
the uranium and thorium series supply us with alpha particles 
that can act as projectiles capable of penetrating other atomic 
nuclei and therefore of reacting with them. These natural 
sources of alpha rays are relatively very weak. In the course of 
the last decade or two it became possible, with large high-voltage 
sets, and above all, cyclotrons, to produce protons and neutrons 
of great energy and of intensities incomparably greater than 
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those supplied by natural alpha-ray sources. As a result, radio- 
active isotopes could be produced from practically all elements. 
For instance, we can in this way make gold out of mercury. But 
such artificially produced gold is an unstable isotope and in the 
course of a few days is retransformed into mercury. 

All these nuclear reactions are characterized by one fact: 
the newly formed atomic nucleus differs by only one or two unit 
charges from the original nucleus that entered into a reaction 
with the impinging neutron, proton, or helium nucleus. Thus 
any one element can be transformed only into elements occupying 
nearby places in the periodic table. To produce these nuclear 
processes we must always expend the kinetic energy of "pro- 
jectiles,” for the nucleus being transformed was originally stable, 
that is, changeable only by expending work or energy. The 
process of transformation itself can release either more or less 
energy than was expended to produce it. 

Because of the law of the conservation of energy, the energy 
gained or lost must correspond to an equivalent change in the 
store of energy represented by the masses of the atomic nuclei 
involved in the transformation. In transforming a nitrogen 
nucleus into an oxygen nucleus, there is a loss of 1,300,000 
electron volts. The sum of the atomic weight of the nitrogen 
nucleus, plus the atomic weight of the helium nucleus that reacts 
with it, is smaller than the sum of the atomic weight of the 
newly formed oxygen nucleus and of the split-off proton by an 
amount that corresponds exactly to the energy lost. In this 
case, kinetic energy has been transformed into mass. In the 
transformation of aluminum into silicon through radioactive 
phosphorus, there is an energy gain of more than two million 
electron volts, obtained from the masses of the atomic nuclei 
(aluminum and helium) reacting with each other. 

The energy balances of these artificial transformation proc- 
esses have supplied us with one of the most beautiful experi- 
mental confirmations of the equivalence of mass and energy. 

In many of these artificial transformations of elements, 
energies are gained that are millions of times greater than can 
be supplied in equal amounts by the most energy-rich chemical 
processes. Yet technical utilization of these energies is impos- 
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sible because, even under the most favorable conditions, only 
very small amounts of matter are transformed. The utilization 
of the intra-atomic energies on a technical scale entered the 
domain of the possible only toward the end of 1938 when for 
the two heaviest elements, uranium and thorium, an entirely new 
process of transformation was discovered. To show the im- 
portance of this discovery it is necessary to give some of the back- 
ground leading up to it. 

(germi discovered that neutrons are a particularly suitable 
"reagent*' for the transformation of elements'^ Since the neu- 
tron has no electric charge, it can come very close to atomic 
nuclei without being repelled by their positive charges, ^f 
sixty elements investigated by Fermi and his collaborators from 
1934 to 1938, forty could be transformed by bombardment with 
neutrons-^ The newly formed elements had atomic numbers 
that were at most smaller by two units or larger by one unit 
than those of the original elements. When uranium was ir- 
radiated with neutrons, one could expect to obtain either the 
two next lower elements (thorium and protoactinium) or the 
next higher element (atomic number 93, which does not exist 
as a stable element). 

After Fermi's experiments, Hahn and Meitner (later with the 
collaboration of Strassmann) continued such investigations in 
Germany on a broader scale. A whole group of radioactive 
substances that could not be identical with any of the elements 
just below uranium in the periodic table was discovered. Only 
one assumption was possible: they were higher. Therefore 
they were described as being "transuranic." 

Further research led to the discovery that we were dealing 
with an entirely new process. Hahn and Strassmann found that 
as a result of the bombardment of uranium with neutrons, there 
appears an element that is quite low in the table — ^barium, 
atomic number 56. This seemed -possible only if the uranium 
had split into two approxmately equal parts. By taking into 
account Bohr’s view of the structure of atomic nuclei, Frisch 
and Meitner (who had transferred their work to Sweden) 
showed that such "fission” processes are to be expected in the 
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case of the heaviest atomic nuclei, and that they entail a release 
of almost 200 million electron volts of energy. 

In one uranium nucleus, which contains 92 protons and 143 
neutrons, [U-235, the isotope of uranium that was found to be 
fissionable] the forces of mutual repulsion among the positively 
charged protons ^ire barely compensated by the forces of at- 
traction among all constituents of the nucleus. If a neutron is 
forced into this atomic nucleus, its energy is increased, and there- 
by its equilibrium so disturbed that it disintegrates into two parts, 
two lower atomic nuclei. Since both fragments are highly 
charged (together they must have a charge of 92 units), they 
vigorously repel each other and fly apart with energies that, 
added together, amount to almost 200 million electron volts. 
This kinetic energy is again supplied by the energy store of mass. 
The sum of the masses of the two fragments is smaller by an 
equivalent amount than is the mass of the uranium nucleus after ' 
capture of the neutron. The fact that the lower atomic nuclei 
formed through the splitting of uranium actually possess the 
energies calculated here was first shown experimentally by Frisch, 
and then ronfirmed by others. 

Thus the fission of uranium is an artificially produced trans- 
formation process that develops about a hundred times more 
energy than do ordinary nuclear processes. 

One other circumstance lends this process particular sig- 
nificance. The uranium nucleus, in addition to 92 protons, con- 
tains 143 neutrons plus one added neutron. The nuclei of the 
lower elements into which the uranium nucleus explodes contain 
jointly far fewer neutrons. Thus there is a surplus of neutrons, 
and during the splitting of uranium some are hurled out. These 
extra neutrons can split new uranium nuclei, again producing 
neutrons. The splitting process continues multiplying and takes 
on the character of a "chain reaction.” Such a reaction, if it 
takes place very rapidly, constitutes an explosion. Thus the 
splitting of comparatively large atomic amounts of uranium re- 
leases extremely high energies, and we have at our disposal an 
energy source of unexampled magnitude, fed by the energy 
reservoir of mass. 
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MANHATTAN PROJECT 3 

In the wet blackness before dawn the tall steel tower was 
invisible. It stood lonely and inert in a flinty wasteland studded 
with rugged mountains. For dozens of miles there was nothing 
to be called a town and scarcely a human Habitation. In this 
emptiness of southern New Mexico the hundred-foot structure 
with the big black ball cradled at its apex seemed curiously out 
of place. Scores of wires and cables trailed down the framework 
to a master switchboard near the base and from there undulated 
away into the darkness. Thousands of yards distant they ter- 
minated in a stout timber hut nearly buried in the ground and 
built behind a massive earthwork bunker. Strangely shaped 
antennae projected above this bunker and the hut was filled 
with a confusing assortment of panels, dials, switches and in- 
tricately wired apparatus. Before instruments men — some in 
uniform, some not — ^waited and watched. 

It was nearly 5:30 in the morning. An imseasonable storm 
had delayed the scheduled time of the test an agonizing 90 
minutes. There was intermittent thunder; lightning flashed 
across the bleak landscape; gusts of rain fell. Over the inter- 
connecting loudspeaker system the voice of the time announcer 
sounded at the observation stations like an oracle calling the end 
of the world. **Minus 20 . . . minus 15 . . . minus 10 . . . 
minus 5 . . And in the minds of the anxious persons 
gathered that stormy morning on that outlandish terrain there 
was the thought that zero hour might indeed see the end of one 
world and the birth of a new one. For in the massive ball on 
top of the steel tower there rested, perhaps, the answer to cen- 
turies of wonder and speculation which man had experienced 
since he first contemplated the sun and the stars. Here was 
the end result of the boldest, most dramatic scientific venture in 
history. Here was the top supersecret of the war, the prize at 
the end of a death race between nations, the object of the wildest 
political melodrama. 

® From article by Francis Sill Wickware. Contributor to Uftj Reader^ s Digest, 
Scienttfic Amertcan and other periodicals; formerly on staff of the "New Yarker 
and an associate editor of Fortune. Life. 19.91 -b. August 20, 1943. 
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Although many of the witnesses were highly articulate, no 
one really could describe what happened at 5:30 a. m., July 16, 
1945 on the wastelands of the Alamogordo Air Base, 120 miles 
southeast of Albuquerque, New Mexico. It was a phenomenon 
unique in human experience. There was an explosion with 
three phases — ^first, a light of unearthly brilliance and unearthly 
heat; second, a violent pressure wave; third, a sustained, awe- 
some, roaring sound. The light, however, was so spectacular 
that observers were too stunned to pay much attention to the 
air blast and the sound. '‘Many times brighter than the midday 
sun’*; "a mountain range three miles from the observation point 
stood out in bold relief” ; “lighting effects beggared description” 
were a few of the impressions they could frame in words. A 
huge fiery cloud of many colors rushed 40,000 feet upward, 
burriing away the overcast until it was scattered by the winds of 
the substratosphere. Six miles from the tower, it was reported 
an observer who had the temerity to face the explosion suffered 
temporary blindness and permanent damage to his vision, al- 
though he was equipped, like the others present, with special 
double-thick dark glasses. Near Albuquerque the light flashed 
across the sky seconds ahead of the sound and a blind girl asked, 
“What was that?” An El Paso woman driving across the 
Arizona-New Mexico line 150 miles from San Marcial, the 
village near Alamogordo, saw the mountains illuminated for 
about three seconds “exactly like the sun had come up and then 
suddenly gone down again.” 

The blast which followed this artificial sunburst knocked 
down two men standing behind the control hut more than five 
miles from the tower. The tower itself simply disappeared — 
probably vaporized by the heat. In its place was a vast crater 
half a mile wide and a quarter of a mile long. The desert sand 
in the crater was turned into fused quartz by the heat. 

Not until Hiroshima was practically obliterated by a cousin 
of the New Mexico bomb did the world learn what had been 
accomplished. Atomic energy, harnessed and unstable, was a 
fact. The cyclotrons and gamma rays suddenly moved out of the 
basements of physics laboratories. The “absent-minded” pro- 
fessors with their theories of relativity and interminable formulae 
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shed their black alpaca coats and overnight donned the tunic 
of Superman. The weirdly illustrated yarns about rockets to the 
moon seemed shghtly less fantastic now as scientists and philos- 
ophers predicted a universal revolution of economics, politics and 
human customs in the wake of automobile engines the size of 
a man’s fist; power; light and heat so abundant that almost 
limitless energy would be available; universal private air travel; 
liners sailing across the Atlantic and back on the atomic energy 
of a glassful of water; and every conceivable amenity of life 
distributed cheaply to all the children of the earth. Scientists 
cautioned that these were no more than possibihties in the 
elastic future, but nevertheless they were taken seriously. 
Thoughtful newspaper writers speculated on the coming size and 
shape of generating plants and took the doleful view that the 
saving to United States railroads by supplanting coal with atomic 
energy could not possibly equal the revenue derived from haul- 
ing coal, the premise being that coal mining would join the 
hand loom and the Salem clipper. 

But in the days after Hiroshima the only immediate and posi- 
tive knowledge was that the world had become as unsafe as it 
might someday become delightful. The Japs themselves ac- 
knowledged that they could not even count their dead, much 
less identify them or tell men from women. Tens of thousands 
were “seared” beyond recognition by a blast comparable to the 
one in New Mexico which “vaporized” steel. That was the 
result of one bomb. It had, according to President Truman 
and the War Department, more power than 20,000 tons 
(40,000,000 pounds) of TNT, the equivalent of 2,000 block- 
busters or a raiding force of 2,000 Superfortresses. The bomb 
itself has been estimated to weigh up to 400 pounds. And 
when it exploded, the released energy was said to be only 
one tenth of 1 per cent of the total potential energy contained 
in the explosive. Terrible and destmctive as it was, the atomic 
bomb of 1945 was the mere fetus of atomic bombs of the 
future. That everyone took for granted — and then took a look 
into a future where superefficient atomic bombs carried to the 
ends of the earth by radio-controlled stratosphere rockets might 
wipe out nations and whole races in a matter of hours. . . . 
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It is not known just how far the Germans advanced toward 
perfecting atomic weapons, but their -efforts were frantic and 
the British had good cause to dread the outcome. It was thought 
that a center of German activity existed at Peenemunde, site of 
the V-bomb development factories, and during 1943 and 1944 
Allied bombers destroyed the installations — ^also killing, it is 
believed, several of the leading German atom experts. From 
the Norwegian underground came word of a mysterious German 
plant at Rhukan, Norway, which was producing large quantities 
of “heavy water*' which might be used in certain atomic experi- 
ments, and with British support Norwegian saboteurs exploded 
this plant in 1942 after four months of planning. Oddly 
enough, the questions asked by German agents in the United 
States enabled our intelligence to keep pretty well abreast of de- 
velopments in the Reich. For example, the great interest shown 
by spies in the safety devices of United States atom bomb plants 
indicated that the Germans were having trouble controlling their 
processes. Perhaps hopeful of getting a ready-made solution 
of the whole problem, Adolf Hitler in 1943 issued a special 
order for the capture of the Danish expert, Dr Neils Bohr. The 
Danish underground thwarted this, however, and Bohr and his 
family were smuggled out of Denmark ahead of the Gestapo. 
He went first to Sweden, taking with him invaluable data on his 
researches prior to 1940 when he stopped work in protest against 
the Nazi occupation. Later on a British Mosquito bomber picked 
up Bohr and brought him to England, where he arrived more 
dead than alive. . . . Eventually he left England and came to 
the United States where he joined the army of experts working 
on the “Manhattan Project." . . . 

The atomic bomb is anything but an individual invention. 
To find the “inventor" of atomic energy would be like finding 
the original “inventor" of the wheel, or steam, or electricity. 
The practical apphcation of basic forces in nature occurs when a 
series of observations are placed in correct order; when the 
theories of many reach the point of synthesis and reconaliation ; 
when the missing keynote is cemented into the arch. In this 
case, the basic natural force is that which the sun utilizes to 
provide heat. President Truman made note of this in his origi- 
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nal statement when he spoke of * ‘harnessing” the forces of solar 
energy. For the sun does not bum with an ordinary fire. Its 
virtually ageless existence, physicists contend, is due to atomic 
disintegration on a mighty scale. The surface of the sun prob- 
ably is in a state of constant atomic explosion millions of times 
more intense than that of any bomb. , . , 

The uranium isotope 235, . . . was separated from natural 
uranium in a quantity barely large enough for experimental 
purposes in 1941, by Dr. Alfred O. Nier of the University of 
Minnesota. . . . One of the first experiments with uranium 235 
took place in the physics laboratory of Columbia University, 
New York ^City, in 1939. There Dr. Fermi, who recently had 
come from Italy to join the staff, Dr. John R. Dunning and 
others tested U-235 in the cyclotron. First they bombarded 
U-238 with a stream of neutrons. Outside the water tanks 
which surrounded the machine on all sides to absorb dangerous 
emanations, the recording instmments indicated tremendous 
bursts of energy being released spasmodically. Dunning and 
Fermi then removed the U-238 and substituted an almost in- 
finitesimal sample of U-235. Again the cyclotron shot its low- 
velocity neutron bullets at the targets. This time there were 
violent and spectacular effects. The instruments chattered and 
the wavy line on the oscilloscope registering energy given off 
by the atomic explosions stayed almost constantly at 200,000,000 
electron volts. This voltage was produced each time an atom 
of U-235 was split — and the splitting took place about 10,000 
times and more, faster than in the case of U-238. There is 
almost no way to express this force in comparative terms, but 
when a pound of TNT explodes it releases only five electron 
volts per molecule of the mass Thus the energy output of 
TNT beside that of U-235 would be like an ant beside an ele- 
phant. Watching the oscilloscope, Fermi and Dunning knew 
that the world's destiny was being changed. 

After the chain reaction of U-235 had been demonstrated, a 
group at the University of Qiicago, under the direction of Dr. 
Arthur H. Compton, began to investigate the effects of neutron 
bombardment on U-238, the isotope whose reaction had pro- 
duced such a fitful pattern on the oscilloscope at Colurut>ia, 
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They confirmed that under certain conditions the nucleus of 
this atom can absorb a neutron from without and when this 
occurs, a new and heavier isotope is created. This is radioactive 
and changes into another substance. The investigators called it 
“neptunium,’' from the fact that it is beyond uranium — ^the 
heaviest natural element — in the table of elements just as Nep- 
tune lies beyond Uranus in the solar system But neptunium 
also is radioactive and in turn changes to “plutonium" — ^Pluto 
being beyond Neptune. This new element is highly unstable 
and when touched off by a neutron “bullet" has a similar chain 
reaction to U-235. . . . Since it does not occur in nature, plu- 
tonium cannot be extracted from ores or other natural sources 
but results only from the neutron bombardment of U-238. 
Neutrons are produced in greatest quantity by the U-235 chain 
reaction and this, rather than cyclotron bombardment, is the 
novel method used to produce plutonium. 

Production of the new element began in 1942 in an in- 
genious and odd-looking structure called a "pile," shaped like 
a bathysphere and located on a squash court under the University 
of Chicago stadium. Here slugs of purified uranium were piled 
with blocks of graphite and bombarded with neutrons from 
fission of the U-235 contained in the uranium. The neutrons 
from this reaction bombard the U-238 in the uranium, changing 
it to the radioactive substance which becomes plutonium. The 
purpose of the graphite was to slow down the velocity of the 
neutrons, for if they move too fast they by-pass the atoms under 
bombardment Of course, a solid block of uranium treated this 
way does not immediately become a solid block of plutonium. 
Not all of its atoms absorb the neutrons, and for that reason 
plutonium is produced in small quantity and must be extracted 
from the uranium by difficult diemical processes. Activated 
slugs from the pile are moved under water to the first of a long 
series of heavy concrete cells, where they first are dissolved and 
the plutonium separated through successive operations, with the 
solution pumped from one cell to the next. The process is gov- 
erned by remote control and from behind heavy protective 
shields, since the radioactive by-products are exceedingly dan- 
gotous to th^ human body. 
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In the ordinary course of events all this would have been the 
work of decades, but war left no tune for leisurely progress. 
In England and Germany atomic research was mobilized on the 
most urgent footing. Here, late in 1939, President Roosevelt 
was advised of the war potentialities of U-235 and appointed a 
commission to study the problems involved. Its findmgs led to 
the organization of the Army’s Manhattan Project (so named 
because of the original Columbia experiment) and to a total 
news blackout of the entire subject of atomic investigations in 
general and uramum in particular. . . . 

Research was started under government auspices following 
the report of President Roosevelt’s commission, which came 
within a year after the demonstration of the power of U-235. 
In 1941 the project had become a major undertaking, and by 
1942 it was functioning on a scale nearly unprecedented. In 
point of speed, numbers of people involved, technological prob- 
lems surmounted in a wholly new area and dramatic secrecy pre- 
served from beginning to end, the whole project probably is 
the most impressive industrial accomplishment in the world’s 
history. To establish production, three vast plants with whole 
cities for workers were created in a matter of months. Two 
plants were built on a 59,000-acre government reservation near 
Knoxville, Tennessee. Known as Oak Ridge, this installation 
had a peak popuation of approximately 75,000 and was the fifth 
largest city in the state. The third plant went up on a 430,000- 
acre reservation in a remote section of W^ashington State and 
had a population of 17,000 known as Hanford. This was the 
center of large scale plutonium production in piles similar to 
the one constructed at Chicago but very much larger. Great 
heat is generated in these piles, and one reason for the choice 
of the Washington site (apart from its isolation and abundant 
power supply) was its proximity to the Columbia River, best 
source of pure cold river water in the United States. The water 
is used for cooling the piles, and it is said that below the Han- 
ford plants the Columbia is warmer than above as a result of 
the enormous discharge of heat. 

In addition to the Tennessee and Washington plants, a colos- 
sal research center was built at Los Alamos, outside Santa Fe, 
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New Mexico. Here some 7,000 workers and technicians were 
employed. In Washington during the construction stage of 
plants and laboratories the mere words ’'Manhattan Project'’ 
were magic for obtaining the most critical materials in any 
amount and skilled labor in any volume. But the words were 
spoken in whispers and never in casual company. You simply 
did not talk about Manhattan Project or speculate on its pur- 
pose. A civihan saying anything about it was likely to be visited 
at length by Army intelligence and the F.B.I. Officers who 
showed the slightest inclination toward garrulity suddenly found 
themselves transferred overseas. 

Probably no more than a few do 2 en men in the entire coun- 
try knew the full meaning of Manhattan Project, and perhaps 
only a thousand others even were aware that work on atoms was 
involved. The whole vast, intricate undertaking was so com- 
partmented and channeli 2 ed that below top directorial levels 
no one could see more than a tiny fraction of what was going 
on, and that fraction never seemed to join with any other. The 
thousands of men and women in the plants worked like moles 
in the dark. Their jobs were not explained. The factories 
were not explained. The purpose of what they were doing 
was not explained. The end product — if any — ^was never men- 
tioned. Raw materials by the mountain poured into Oak Ridge 
and Richland Village, the Washington establishment, but 
nothing ever seemed to move out. The actual production proc- 
esses were invisible. Workers stood at dials and switches while 
behind thick concrete walls mysterious reactions took place. 
When the news broke after Hiroshima the employes of Man- 
hattan Project were as startled as the rest of the nation. At 
Oak Ridge, newspapers the day of the announcement sold for a 
dollar a copy, no change requested or given 

Of course, there were rumors. But workers talked little 
among themselves and less to strangers. "We make bubble 
gum,” they sometimes told inquisitive folk, as one worker told 
President (then senator) Harry Truman at a congressional probe 
of alleged waste of manpower on the Richland project. The 
probe was abandoned almost immediately on General Marshall’s 
urgent request. 
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The same secrecy extended even to the distant Marianas, 
where fliers regularly bombing Japan under command of Gen- 
erals Spaatz and LeMay had no idea that an atomic bomb existed 
anywhere, let alone that it had arrived in the islands along with 
a sizable contingent of technicians Even on the historic flight of 
the B-29 Bnola Gay to Hiroshima crew members were ignorant 
of the nature of the mission. Only three men aboard knew 
what it was: a naval ordnance expert, Captain William S. Par- 
sons; Major Thomas W. Ferebee, bombardier; and the pilot, 
Colonel' Paul W. Tibbetts Jr., who flew over the city at great 
altitude and turned his ship homeward as fast as he could while 
a "monstrous” column of smoke erupted from the ground; aerial 
shocks like flak bursts rocked the plane ; and a blanket of boiling 
brown dust quickly obliterated Hiroshima. Beneath this dust, 
and in it, lay the complete wreckage of four square miles and the 
blistered, unidentifiable bodies of countless thousands — an esti- 
mated 100,000 instantly killed. All this they would not know 
until later, but at the moment of the explosion several crew 
members, long hardened to bombing, exclaimed in horror and 
wonder, "My God’” The atomic age was born. 


THE DISTRIBUTION OF URANIUM IN NATURE ^ 

l^dinary uranium is the basic raw material for the pro- 
duction of atomic energy.^ The only known sources of atomic 
energy which are of prmical significance are the fissionable 
isotopes, uranium 235 and plutonium 239, both of which are 
obtained by the processing of ordinary uranium. Since, accord- 
ing to competent authority, this situation will very likely persist 
for some time to come, an evaluation of the world resources 
of uranium is of paramount importance to an understanding 
of the future role of atomic energy. There are two aspects 
to the problem. The first is the total amount of uranium avail- 
able, the second deals with accessibility. 

Uranium is of very wide distribution in nature. The radio- 
activity of uranium affords a very sensitive test for its presence; 

^ Bulletin of the Atomic Scientists, 1, no. 4:6, February 1, 1946. 
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consequently innumerable specimens of rock, water, and vegeta- 
tion have been analyzed for their uranium content. So extensive 
is the available data accumulated in the last fifty years, that it 
is possible to answer the question of how much uranium is pres- 
ent in the world with a reasonable degree of certainty. About 
93 per cent by weight of the earth’s crust consists of the igneous 
rocks, granite and basalt. The average uranium content of these 
rocks is 0.004 per cent, or about one seventh of an ounce of 
uranium per ton of rock. Granite rock, such as constitute the 
Appalachian Mountains, contains a rather higher proportion of 
uranium than does basalt; in granite there may be as much as 
one ounce of uranium per ton of rock. The earth’s crust is so 
heavy that even these very small percentages represent a huge 
total uranium content. The weight of uranium near the earth’s 
surface has been estimated to be 10^® (1 followed by 15 zeros) 
tons. The oceans also contain minute amounts of uranium, with 
a total uranium content of about ten billion tons. It is interest- 
ing to compare the uranium content to other more familiar 
elements There is more uranium present in the earth’s crust 
than cadmium, bismuth, silver, mercury, or iodine. Uranium 
is about one thousand times as prevalent as gold. 

While uranium is thus seen to be omnipresent in the rocky 
portions of the earth’s crust, the number of places where uranium 
occurs in concentrated form is relatively small. Even so, uranium 
in quantities large enough to be visible to the naked eye has been 
found on every continent and almost in every country. About 
one hundred uranium containing minerals have been identified. 
These occur in quantities ranging from a few isolated crystals 
to ore deposits estimated to contain thousands of tons of 
uranium. Of the latter, only four deposits were known before 
the war Small occurrences have been found in Europe in 
Sweden, Norway, Germany, Czechoslovakia, France, Belgium, 
Portugal, Italy, and European Russia, All of these except the 
Czechoslovakian (St. Joachimsthal) deposits are, as far as is 
known, either very small, or of very low uranium concentration. 
In Africa, uranium minerals have been found in Cape Provinces, 
at Morogoro on the east coast, and of course, in the Belgian 
Congo, where the world’s reputedly richest deposits exist. 
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Uranium also occurs on Madagascar in amounts which were 
once considered great enough to warrant commercial exploitation. 
In the western hemisphere, large deposits are known to occur 
in Utah and Colorado in the United States, and in the north 
territories of Canada. In addition there are scores of small oc- 
currences in Ontario and Quebec, and in various parts of the 
United States (North Carolina, Connecticut, Texas, North 
Dalcota). Uranium has also been found in Mexico and Brazil. 
Fairly extensive deposits are known to exist in Russian Turkestan 
and India, and small amounts are present in Australia, New 
Zealand, and Japan. The actual magnitude of the so-called 
small deposits is a difficult matter to establish. It is not unlikely 
that further exploration near the regions known to contain 
uranium may reveal much larger quantities than had previously 
been suspected. 

Hitherto, the deasion to commercially exploit a given urani- 
um deposit was dependent entirely on the costs of producing 
radium from it. The uranium was strictly a by-product. On 
this basis, only the Belgian Congo and the Great Bear Lake 
deposits in Canada have been able to compete in the world mar- 
ket. The deposits at Joachimsthal and in Colorado were unable 
to do so. 

Now, of course, this situation has changed completely. The 
use of uranium for the production of atomic bombs and for 
the potential production of power has shifted the interest from 
radium to uranium. Furthermore, the use of uranium piles will 
completely eliminate the demand for radium. 

From a broad point of view, as much uranium can be ob- 
tained as organized society finds worth while. Ores are com- 
monly mined which contain only one fifth of an ounce of gold 
per ton of rock. Now, vast quantities of rock exist which con- 
tain from 6ne fifth to one ounce of uranium per ton of rock. 
If society decides uranium to be as valuable as gold, then prac- 
tically unlimited quantities of uranium are available for use in 
supplying atomic energy. For instance the carnotite ores of 
Colorado can be made to yield large amounts of uranium. 

While uranium at the price of gold may not be able to 
compete economically with common sources of energy, there is 
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little question that as far as atomic bombs are concerned, mone- 
tary considerations are not pertinent. In the event of an atomic 
armament race, survival demands uranium, and every country 
will strain its resources, if necessary, to attain a sujficient supply. 
Insofar as controls and inspection are concerned, it appears that 
any country can secure as much uranium as would be necessary 
for atomic warfare. The problem is whether a country could 
secure large amounts of uranium without a good probability of 
detection. This question can best be considered in the light 
of what is known about uranium deposits. 

There are at present four regions in the world where urani- 
um occurs in such quantities that ordinary mining operations 
suffice to yield considerable amounts of uranium. These are the 
pitchblende deposits of Canada and the Belgian Congo, the rela- 
tively less important carnotite sandstones of Utah and Colorado, 
and the minor pitchblende deposit at Joachimsthal, In two 
regions, (Canada and Africa), there is enough uranium to make 
it possible to obtain one ton of uranium from fifty to one hun- 
dred tons of ore. In the other two cases perhaps five times as 
much crude ore must be mined per ton of uranium. As far 
as is known, these four deposits are geologically unique. Each 
one differs from the others, and it is not unlikely that they rep- 
resent really rare geological phenomena. Even intensive explora- 
tion, based on previous experience, will probably not reveal 
more than a small number of similar occurrences. Their number 
is at present so small as to render surveillance a rather easy 
matter. 

The situation would be radically different if an attempt was 
made to use granite as a source of uranium. In order to obtain 
one ton of uranium, it would be necessary to quarry somewhere 
between 40,000 and 250,000 tons of rocks. 'Wliile this is tech- 
nically feasible, it is an enterprise of such a magnitude as to 
render concealment impossible. The operations would require 
a great deal of heavy machinery, large numbers of workers, 
immense amounts of explosives and chemicals. Extensive trans- 
portation facilities and, in general, huge plants would be essen- 
tial. These could scarcely be hidden. 
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It thus appears that inspection of uranium mining operation 
may provide at least a fairly satisfactory mode of control. How- 
ever there is the possibility of the discovery of very rich de- 
posits, with the resultant ability to obtain large amounts of urani- 
um in an unobtrusive fashion. The only sure way of eliminat- 
ing this possibility would be an intensive prospecting campaign 
of those areas of the earth which have as yet received little 
attention. 

CHRONOLOGICAL TABLE ^ 

Ca. 400 B. C. Democritus, a Greek philosopher, one of the 
first to propose an atomic theory. 

79 B. C. Lucretius, Roman philosopher, expounds an 
atomic theory in De Rerum Nahira, the 
greatest philosophical poem of all times. 

The atomic theory persisted in the writings of 
speculative philosophers for many centuries 
until the time of John Dalton (British), 
when it first appeared in a form useful to 
the growing science of experimental chem- 
istry. 

1789. M. H. Klaproth (German) isolates from pitch- 
blende a * 'half -metallic substance*’ which he 
named uranium after the planet Uranus, 
which had recently (1781) been discovered. 

1803. Dalton expresses theory that all chemical ele- 
ments are made of atoms. 

1811. Avogadro (Italian) distinguishes between atoms 
and molecules. 

1816. Front (British) voices hypothesis that all ele- 
ments are simply various combinations of 
hydrogen atoms. 

1859. Bunsen and Kirchhofi (German) develop spec- 
troscope as an instrument for analy 2 ing light 
and for studying the chemical composition of 
incandescent gases. 

® United States. Senate. Special Committee on Atomic Energy. Essential infor- 
mation on atomic energy, pursuant to S. Res. 179. (Committee monograph no. 1). 
p. 4l-4. 79th Congress, 2d session. 1946. 

■I 
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1871. 

1891. 

1895. 

1896. 

1896. 


1897. 

1898. 
1900. 


1905. 


1906. 


Mendeleeff (Russian) and Meyer (German) in- 
dependently develop the periodic table of the 
elements. 

G. J. Stoney (Irish) coins name, '^electron,” 
for the elementary particles of electricity. 

W. C. Roentgen (German) discovers X-rays. 

H. Becquerel (French) discovers phenomenon 
of radioactivity in uranium ores. 

J. J. Thomson (British) studies deflection of 
cathode rays by a magnet and concludes these 
rays are actually streams of discrete particles 
of negative electricity, thus giving evidence 
for the physical reality of Stoney’s electrons. 

Rutherford (British) studies radiations from 
uranium after BecquereFs discovery of radio- 
activity and designates three types of rays — 
alpha, beta, and gamma rays. 

Made and Pierre Curie (Polish-French) dis- 
cover radium and polonium. 

Planck (German) announces the quantum the- 
ory that energy manifests itself in discrete 
amounts called quanta. 

Elster, Geitel (German), and Wilson (British) 
show that a closed ionization chamber dem- 
onstrates weak but persistent conductivity. 
Wilson suggests ionization might be due to 
radiation coming from outside the earth’s 
atmosphere. 

Einstein (German) publishes his "special the- 
ory of relativity" which includes the famous 
equation E=MC^ for the equivalence of 
energy and mass. 

Rutherford and Geiger develop the first electri- 
cal instrument for counting alpha particles. 
This became, through successive refinements, 
the Geigei**^counter for detecting .atomic par- 
ticles of various kinds. It is one of the most 
powerful observing and measuring instru- 
ments in the physical sciences. 



1910. 

1911. 

1912, 


1913. 


1915. 

1919, 

1919-32. 
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Millikan (American) begins his classical ex- 
periments to measure the exact charge of the 
electron. 

The possibility of isotopes^ atoms with diflFerent 
weights but identical chemical properties, is 
suggested by Soddy. 

Rutherford proposes theory of the nuclear atom 
with its mass and positive charge at its center, 

Barkla (British) finds number of electrons on 
outside of atom by studies on scattering of 
X-rays. 

C, T. R. Wilson (British) devises the modem 
form of cloud expansion chamber for the 
visible study of ionized particles. This is 
another fimdamental tool of the nuclear 
physicist. 

Laue, Friedrich, and Khipping (German) dem- 
onstrate X-ray diffraction by crystals. 

W. H. and W. L. Bragg (father and son, Brit- 
ish) develop X-ray spectrometer using crys- 
tals as diffraction gratings. 

F. Soddy, K. Fajans, and A. S. Russell inde- 
pendently explain laws of radioactive disinte- 
gration. 

Niels Bohr (Danish) devises model of atom 
with central nucleus and electrons rotating in 
orbits about it. 

Moseley (British) establishes atomic numbers 
of the elements through studies of their 
X-ray spectra. 

Einstein announces his general theory of rela- 
tivity. 

Rutherford changes nitrogen into oxygen by 
bombarding atomic nuclei with alpha par- 
ticles. This was the first artificial transmu- 
tation of an element in history. 

F. W. Aston (British) devises the mass-spectro- 
graph and uses it to measure the atomic 
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weights of the isotopes of most chemical ele- 
ments. 

1920. Aston measures the atomic weight of hydrogen 
with the mass-spectrograph and Harkins 
(American) suggests the existence of an 
atomic particle with zero electric charge. He 
uses the name ‘neutron” for it. 

1922. Boron, fluorine, sodium, aluminum, and phos- 
phorus are artificially disintegrated by Ruther- 
ford and Chadwick. 

Millikan and his collaborators begin their stud- 
ies on cosmic rays. 

1924. DeBroglie (French) starts quantum mechanics 
by suggesting existence of waves associated 
with particles. 

1927. Davisson and Germer (American) show that 
beams of electrons can behave as if they were 
waves. Their experimental results were in 
good agreement with DeBroglie*s equations. 

1929. G. Gamow (Russian), R. W. Gurney (British), 

and E. U. Condon (American) show that 
the laws of radioactivity are explained in 
terms of quantum mechanical behavior of 
particles in the nucleus- 

1930. The positron, a particle of positive electricity, is 

predicted from theoretical consideration by 
P. A. M. Dirac. 

1931. W. M. Latimer, H. C. Urey, H. L. Johnson, 

R. T. Birge, and D. H. Menzel (American) 
construct table of isotopes and predict exist- 
ence of unknown isotopes. Many of these 
have already been discovered. 

E. O. Lawrence (American) invents the cyclo- 
tron. 

1932 H. C. Urey, F. Brickwedde, and Murphy (Amer- 
ican) discover heavy hydrogen (deuterium). 

J. Chadwick (British) discovers the neutron. 
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C. D, Anderson (American) discovers positron 
resulting from passage of cosmic rays through 
matter. 

J. D. Cockcroft and E. T. S. Walton (British) 
find mass converted to energy when the 
lithium nucleus is bombarded with artificially 
accelerated protons. 

1933. Chadwick, Blackett, and Occhialini demonstrate 

production of positrons through bombard- 
ment of matter with gamma rays. 

Van de Graff (American) designs electrostatic 
generator to produce up to 10,000,000 volts. 

C. C. Lauritsen uses million-volt X-ray tube for 
atomic studies. 

1934. E. Fermi (Italian) bombards uranium with 

slow neutrons and creates new element with 
atomic number 93- 

Irene Curie and F. Joliot (French) produce 
artificial radioactivity. 

1945. Dempster (American) discovers uranium-235. 

1939. O. Hahn and F. Strassmann (German) bom- 
bard uranium with neutrons and find barium 
and krypton among the fragments of the 
uranium nuclei. 

Lise Meitner and O, Frisch (German) propose 
theory that this splitting of the uranium 
atom, to which they gave the name ''fission," 
is accompanied by the release of enormous 
quantities of energy. 

Frisch and Joliot independently and almost 
simultaneously demonstrate experimentally 
that large amounts of energy are actually re- 
leased as a result of uranium fission 

Bohr and Wheeler present early comprehensive 
theory of nuclear fission. Bohr suggests that 
uranium-235 undergoes fission. 

Meitner studies fission in thorium. 
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Several American laboratories (Columbia, Johns 
Hopkins, Carnegie Institution, and Cali- 
fornia) confirm fission experiments. 

Possibility of military uses of energy released by 
fissionable materials envisaged by L. Szilard, 
E. Fermi, E. Wigner, and others. 

In fall of 1939, Alexander Sachs transmits a 
letter from Einstein to President Roosevelt 
suggesting that work on fission be encouraged. 
President Roosevelt appoints Advisory Commit- 
tee on Uranium. 

1940. National Defense Research Committee organizes 

and takes over uranium research project. 

Two new elements, neptunium and plutonium, 
are created and quantity production becomes 
a definite possibility. 

Nier, of Minnesota, and Dunning, of Columbia, 
independently confirm Bohr’s prediction of 
the fissionability of uranium-235. 

1941. Possibilities of using plutonium for a bomb were 

investigated. 

Office of Scientific Research and Development 
takes over uranium project, 

1942. August 13. The Manhattan District of United 

States Army, Corps of Engineers, is estab- 
lished for the production of atomic bombs. 
December 2. The first self -maintaining nuclear 
chain reaction is put into operation on the 
campus of the University of Chicago. 

1943. April. Laboratory for bomb research opened at 

Los Alamos, New Mexico. 

1945. July l6. The first experimental atomic bomb is 
successfully exploded in New Mexico. 

Augus 6. The first military atomic bomb is 
dropped on Hiroshima in Japan. 

August 6. President Truman issues first an- 
nouncement on the use of the bomb. 

August 8. Second atomic bomb dropped on 
Nagasaki. 
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August 11-12. Official report, * 'Atomic Energy 
for Military Purposes/’ by H. D. Smyth, is 
released to the public. 

October 3. President Truman sends message to 
Congress recommending legislation for do- 
mestic control of atomic energy. 

November 15, Declaration on atomic energy 
issued by President Truman and Prime Min- 
ister Attlee and Macken2:ie King. 

December 27. Moscow Agreement announced. 

1946. January 24 United Nations Atomic Energy 
Commission is created. 
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Thallium 

T1 

204,39 

82. 

Lead 

Pb 

207.21 

83. 

Bismuth 

Bi 

209.00 

84. 

Polonium * 

Po 

210.0 

85. 

Alabamine * 

Ab 

221.0 

86. 

Radon 

Rn 

222,0 

87. 

Virginium * 

Vi 

224.0 

88. 

Radium 

Ra 
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89. 
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Ac 

226.0 

90. 
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Th 

232.12 

91. 
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Pa 

231.0 

92. 

Uranium 

U 

238.07 

93. 

Neptunium 

Np 

239 
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ATOMIC SCIENCE VOCABULARY^ 

1. Alpha Particle: a helium nucleus, traveling at a very high 
speed, which appears when the atoms of **alpha-radioactive” sub- 
stances, such as radium, polonium, uranium, thorium break down 
or disintegrate. 

2. ^tom: the basic unit of matter in chemical reactions; no 
smaller amoxmt of substance takes part in any chemical reaction. 
The structure of the atom is like that of the solar system in that 
there is a heavy nucleus analogous to the sun, with electrons 
rotating about it in orbits as various heavenly bodies like the earth 
rotate about the suq^ 

3. Atomic number: the number of positive charges (see 
protons, definition 59) on the nucleus of the atom. This deter- 
mines the chemical nature of the atom. Atomic number 2 is 
helium, 13 is aluminum, 29 is copper, 92 is uranium, etc. 

Chicago. The Atomic Bomb: Pacts and Implications. 
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4. Atomic weight', the weight of the atom is determined 
almost entirely by the weight of the nucleus since the electrons 
in the orbits are comparatively very light. The weight is very 
nearly equal to the total number of protons and neutrons in the 
nucleus. The basic unit of weight in terms of which all atoms 
are described is one-sixteenth the weight of the common oxygen 
atom, approximately the weight of one proton or one neutron. 

5. Beta particles: very rapidly traveling electrons given off 
when atoms of "beta-active” radioactive substances break down 
or disintegrate. 

6. Binding energies: the energy which must be introduced 
into the nucleus of an atom to cause it to release a given nuclear 
particle (neutron, proton) or component such as an alpha- 
particle. 

7. Calutron: a machine for separating the various uranium 
isotopes (see definition 41) based on the mass-spectrograph 
principle (see definition 47 ) . 

8. Cham reaction: a reaction, chemical or nuclear, in which 
the energy or particles generated by the breakdown of the first 
atom or molecule causes the breakdown of one or more additional 
atoms or molecules whose reaction in turn causes other atoms or 
molecules to disintegrate. 

9. Chemical exchange: a process in which an atom in one 
kind of chemical substance exchanges places with a similar atom 
in a different substance. This exchange is influenced by the 
relative masses of the two atoms of the same element, and forms 
the basis of methods of isotope separation and concentration. 

10. Cloud chamber: device for observing path of individual 
radiation particle. Track is made visible to eye because fog 
droplets are formed along the path of particles. 

11. Control rods: rods of neutron-absorbing material (cad- 
mium or boron steel) used in a pile (see definition 55) to con- 
trol the chain reaction to a steady level. 

12. Cooling: a term commonly used for setting aside a 
highly radioactive material for some time until the radioactivity 
has reduced itself to a desired level. 

13. Counter: (Geiger, alpha): instrument for detecting and 
counting individual radiations such as beta particles, alpha par- 
ticles, gamma rays, etc. 
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14. Critical mass: the minimum amount of a given fissile 
(see definition 28) material (uranium-235 or plutonium- 2 3 9, for 
example) required for a spontaneous chain reaction. With less 
than this amount, the rate of escape of neutrons through the 
surface of the mass is too high to result in a "chain reaction.” 

15. Cross-sectwn, nuclear \ apparent target area of a nucleus 
which is undergoing bombardment by nuclear particles, judged 
by the number of successful reactions obtained. As this apparent 
area involves internal factors which determine whether a reaction 
occurs or not, it is usually different from reaction to reaction. 

16 . Cyclotron' apparatus used to give great speeds to charged 
particles by accelerating them repeatedly A strong magnetic 
field keeps the particles traveling in an expanding circular path. 
These particles are used in nuclear bombardment experiments. 

17. Danger coefficient: measure of neutron-absorbing power 
of an impurity element in a pile. 

18. Decontamination: separation of undesirable radioactive 
substances from a desired product; e.g., separation of fission prod- 
uct radioactivities from plutonium 

19 . Deuteron: nucleus of heavy-hydrogen atom, used as a 
projectile in many bombardments with the cyclotron. 

20. Diffusate: material which has been separated by the 
process of diffusion (see definition 21). Specifically, material 
which has passed through a barrier m the barrier diffusion 
separation method for uranium isotopes. 

21. Diffusion: the movement of molecules through a gas, 
liquid or solid, due to the natural motion of the molecules which 
is a function of their temperature. The higher the temperature, 
the higher the rate of diffusion. 

22. Disintegration: the process of spontaneous nuclear 
change in which a beta particle, alpha particle, or occasionally a 
positron (see definition 57), is given off from the nucleus, leav- 
ing the nucleus with a different atomic number. 

23. Electron', the unit particle of negative electricity, weigh- 
ing about 1/200Q as much as a proton. Electric current is made 
up of a stream of electrons. 

24. Electron-volt: the unit of energy used in nuclear science. 
Nuclear reactions usually involve energies of the order of millions 
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of electron-volts (abbreviation, Mev), while chemical reactions 
involve energies of only a few electron-volts An electron-volt 
is equal to the energy of a single hydrogen atom traveling at about 
550 miles a minute. 

25. Electfoscope: instrument for measuring radiation by 
means of the ionization the latter produces in air, this ionization 
acting to discharge a '‘condenser’’ made of two gold leaves or of 
metal-coated quartz fibers. 

26. Element: a kind of matter which is not decomposed by 
any kind of chemical reaction; a kind of atom with a given 
atomic number, such as hydrogen, aluminum, iron, copper, bro- 
mine, chlorine, uranium, etc. 

27. Efirkhment factor: a ratio of ratios; the ratio of con- 
centration of a given desired isotope to that of the other isotopes 
in the product mixture divided by the corresponding ratio in the 
mixture before isotope separation processes are used. Thus, to 
produce 90 per cent U-235 from natural uranium (1/140 
U-235) needs an overall enrichment factor 90/10-4-1/139 or 
about 1,260. 

28. Fissde. capable of being split; cleavable. Used to de- 
scribe types of atoms such a uranium, thorium, protactinium, 
etc., which may imdergo fission, 

29. Ejssion' the process by which the nucleus of an atom is 
split into several parts, at least two of which are of roughly 
comparable size, greater than that of the alpha particle. The 
process of fission of heavy atoms usually gives two lighter atoms 
from the middle of the periodic table, together with several 
neutrons and much energy. Fission caused by a very energetic 
neutron is called "fast fission,” by a slow neutron, "slow” or 
"thermal” fission. 

30. Fissionable: see "Fissile.” 

31. Fission product: an isotope (see definition 41), usually 
radioactive, of an element in the middle of the periodic table 
and produced by fission of a heavy element such as uranium. 

32. Fractional distillation: process of separation of one or 
more components of a mixture of substances with different boil- 
ing points by careful boiling off of only part of the mixture. 
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Properly done, substances may be fairly cleanly separated from 
each other. 

33. Gamma ray: penetrating invisible light>like radiation 
given off from the nucleus of an atom when "excited.” Usually 
more penetrating tlian ordinary X-rays, which originate outside 
of the nucleus. 

34. ’ Half4tfe: the length of time it takes a sample of radio- 
active isotope to decrease to half of its original amount by 
radioactive disintegration. The number is a physical constant 
characteristic of the isotope, and independent of the particular 
amount originally present, and of external conditions such as 
temperature, pressure, etc. 

35. Hehum: second element in periodic table; nucleus is 
"alpha particle.” 

36. Heavy water: water in which the hydrogen of the HgO 
is composed of the heavy isotope of hydrogen, called deuterium, 
with mass number 2. (See definition 46.) Written DgO. 

37. Hold-up: term used to describe the amount of valuable 
material tied up in processing. 

38. Ion: an atom or molecule which carries an electric charge. 

39. Ionization chamber: instrument for measuring directly 
the amount of ionisation radioactivity produces in air, or other 
gas. 

40. Isobars: in nuclear science, two atoms with different 
atomic number but with the same mass number. For example, 
cadmium-113 and indium-113; neptunium-239 and plutonium- 
239. 

41. Isotopes: atoms of a given element which have different 
numbers of neutrons in the nucleus and therefore differ in mass 
or weight. 

42. Isotron: device for electromagnetic separation of isotopes 
in which the ion source is of large area, rathen than a slit as in 
the usual mass spectrograph. 

43. Lattice' the geometrical arrangement of the uranium or 
plutonium rods in a pile. 

44. Magnetron: apparatus for electromagnetic separation of 
uranium isotopes (not actually used in U-235 production). 

45. Mass: effectively the same in weight. 
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46 Mass numher\ the number of particles (protons and neu- 
trons) in a given nucleus; approximately the weight of the 
nucleus. ^ 

47. Mass spectrograph : instrument for sorting out and regis- 
tering the masses of atoms and light molecules. This is made 
possible because the path of an ion in a magnetic field is curved. 
Particles of different masses travel curved paths of slightly dif- 
ferent radii. 

48. Moderator: material containing atoms of low atomic 
weight; used in pile for slowing down neutrons by collision. 
Heavy hydrogen, beryllium, and carbon atoms are good modera- 
tors. 

49. Molecule: a chemically distinct grouping of atoms which 
cannot be further broken down without changing its nature, 
e.g., H^O (water), CgH^OH (alcohol), CgHg (ben2:ene), 
CgH,,Og (grape sugar), CgH,.CH 3 .(N 03)3 (TNT). 

50. MultipUcation factor: the number of neutrons produced 
for every neutron disappearing in a chain-reaction system (pile). 
If the factor is equal to one, or greater, the chain reaction pro- 
ceeds. Where the factor is less than one, the chain reaction can- 
not maintain itself. 

51. Neptunium: element number 93, not found in nature 
but produced artificially. The isotope Np-239 is the radioactive 
parent of plutonium- 2 39, an atomic explosive. 

52. Neutron: a nuclear particle, with a weight of about one 
unit, which is electrically neutral (carries neither a positive nor 
a negative charge). 

53. Nucleus: the central core of the atom in which almost all 
the weight is located. It is situated in the atom as the sun is in 
the solar system. 

54. Periodic table: a systematic arrangement of the chemical 
elements in order of their atomic numbers with groupings of 
elements in terms of their similarities in properties. 

55. Pile: a controlled fission chain-reacting system, usually 
consisting of uranium or plutonium intermixed with a moderator 
such as graphite, beryllium, heavy water, together with all the 
neutron reflector, shielding, cooling, and control systems. 
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56. Plutomum: element number 94, not found in nature 
but produced artificially. The isotope Pu-239 is an atomic explo- 
sive like U-235. 

57. Positron: positive electron; appears in certain decays of 
radioactive substances and in cosmic raiation. 

58. Protactimum: element number 91. 

59- Proton: the atomic nucleus of ordinary hydrogen. It is 
a component part of atomic nuclei of all other elements. Number 
of protons in a nucleus determines the nuclear charge (atomic 
number) . 

60. Radioactive equihhnum: the state which prevails when 
the amount of a radioactive isotope stays constant because new 
atoms are being formed at the same rate at which they disintegrate 
through radioactive decay. 

61. Radiation: particles, X-rays, gamma-rays, or light moving 
between or past atoms, and not part of their stable structure. 

62. Radioactivity: the phenomenon of giving off radiation 
during the spontaneous disintegration of atomic nuclei. 

63. Reproduction factor: same as multiplication factor (see 
definition 50). 

64. Resonance energy: particular energy of bombarding par- 
ticle for which nucleus is exceptionally reactive. 

65. Roentgen rays' commonly known as X-rays. 

66. Separation factor: same as enrichment factor (see defin- 
tion 27.) 

67. Tamper: special neutron reflector used in atomic bomb. 

68. Thermal diffusion : method of separation of uranium iso- 
topes depending upon higher rate of movement at given tem- 
perature for light particles. 

69. Thermal utilization factor: fraction of slow neutrons in 
pile absorbed by the uranium in the pile rather than by the mod- 
erator, impurities, fission products, etc. 

70. Thorium: element number 90. 

71. Transmutation: the process of changing an atomic nuc- 
leus to one of different atomic number or atomic weight by bom- 
bardment with nuclear particles from the outside, as in a cyclo- 
tron or pile. 
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72. Transuramc elements: elements with atomic numbers 
higher than that of uranium (number 92). For example, nep- 
tunium (93), plutonium (94), 


EXCERPTS 

If the uranium atom were enlarged a thousand million times, 
It would be about a foot in diameter. If its weight were increased 
proportionately to the increase in volume the atom would weigh 
about a thousand pounds. In the center of this magnified atom 
we would find a kernel about the size of a minute gram of sand. 
This is the nucleus. The part of the atom outside the nucleus 
consists only of electrons — and in the case of uranium there are 
92 of them. These electrons are very light particles, and they 
move around the nucleus in orbits determined by the electrical 
forces which control them. On our scale of magnification, the 
total weight of the 92 electrons would be a quarter of a pound, 
and all the rest of the thousand-pound mass would be in the tiny 
nucleus. In other words, that magmfied kernel, about the size 
of a small grain of sand, would weigh nine hundred and ninety- 
nine pounds and twelve ounces. A thimbleful of uranium nuclei 
would weigh thousands of tons. — Istdor 1, Rabt, Professor of 
Physics j Columbia University. Atomic Nucleus^\ radio broad- 
cast, Netv York Philharmonic Symphony program. United States 
Rubber Co. New York. '46. 

It is not at all farfetched, I believe, to remind this committee 
that the release of atomic energy, through methods comparable 
with the fission of uranium and plutonium, is the most basic 
operational fact of the universe, except perhaps for its creation. 
In announcing the fall of the first atomic bomb in Japan, Presi- 
dent Truman referred to this fact that the atomic energy that 
produces sunshine is essentially the .same as the energy of the 
bomb. 

A generation ago the astronomers were forced to hypothecate 
the release of atomic energy in the hot interior of the sun — 
forced to it by the fossils in the old rocks of the earth. The 
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fossil plants of the carbonifeious age were discovered to be some 
300,000,000 years old This was demonstrated, incidentally, 
through the normal radioactive transmutation of this same uran- 
ium atom, the artificial splitting of which has produced an in- 
ternational headache and a crisis for humanity. 

The great age of the fossils which lived by grace of the same 
kind of sunshine and the same amount of sunshine as works today 
in preparing us to be the fossils of the future, makes necessary 
a long-continued constant source of sunlight. . . . 

No other source is considered possible than that which arises 
from the energy of the atoms. The sun has been a steady pro- 
ducer for hundreds of millions of years, and to perform so 
steadily it has used natural atomic engines. 

I should interpolate here that other sources of solar energy 
have been considered, like the infall of meteors, like the con- 
traction of the sun, like the simple burmng of the sun. They 
all can produce energy for a certain amount of time, but not suf- 
ficient energy to keep the earth heated long enough for the 
geological ages that we now recognize. The sun apparently is 
not depending on the splitting of uraniumlike atoms. It works 
at the other end of the periodic table, as Dr. Bethe has already 
explained to this committee. It gets its enormous energy sources 
from the synthesis of light elements out of the lightest of all 
elements — ^hydrogen. By far the most colossal source of atomic 
energy in the universe is this transmutation in the stars of this 
most common of the elements. The stars can do it. We think 
we know how they do it. And we cannot follow their method 
because the maintenance of the necessarily high temperature, 
about 20,000,000, would be difficult if not impossible, and would 
be impractically expensive. The artificial transmutations of the 
lighter elements so far accomplished by man require much more 
energy than is produced. Our methods are not efiicient. — Har- 
low Shapley, Director, Harvmd Observatory. United States. Spe- 
cial Committee on Atomic Energy. Atomic Energy Act of 1946; 
hearings fanuary 29, 1946, on S 1111 . pt.2. p. 162-3. 


The story of the making of the atomic bomb is one unprece- 
dented in human history. The problems to be overcome seemed 
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too great to solve In the first place, even though 200,000,000 
electron volts is a tremendous amount of energy for the amount 
of matter releasing it, it is not much energy even when com- 
pared to that from a burning match Millions upon millions of 
fissions must occur each second in order to have the slightest 
amount of usable energy. 

Then, too, it is not ordinary uranium which explodes with 
such violence. The common kind of uranium has a mass of 238 
(U-238), but it is a scarce isotope having a mass of 235 (U- 
235) which undergoes fission. Only l/l40 of ordinary uranium 
is U-235, and it is difficult to separate from the U-238, Re- 
member, these are isotopes, chemically identical, and one cannot 
be separated from the other by any known chemical method. 

Using the mass spectrometer, the first tiny bit of U-235 was 
obtained in 1940. How much,? At the rate then achieved it 
would take nearly twelve million years to get one pound. How 
much was needed for a bomb ? Calculations showed a minimum 
of about 2 pounds and a maximum of about 200 pounds. Meth- 
ods certainly had to be improved. And they were. By the end 
of 1943, an entire plant was in operation for the separation of 
U-235 by this same electromagnetic method. 

There are a number of other ways of separating U-235. One 
of these, the gaseous diffusion method, became practical, and 
by 1945 a large plant for this type of separation was in operation. 
Here the two isotopes are clianged to gases and are allowed to 
diffuse through a porous barrier, where the lighter U-235 passes 
through faster than the heavier U-238. 

Yes, separating U-235 from U-238 is difficult Early in the 
race for the atomic bomb no one could tell if it ever could be 
done on a large enough scale. It was natural, then, for scientists 
to think about the new atom they had made — ^plutonium, for 
they knew that it, too, could be split. Plutonium forms when an 
atom of U-238 captures a neutron, and U-238 is fairly plentiful. 
Perhaps there was some way to create plutonium on a large scale 

A long series of experiments showed how to do it with a 
large mass of uranium and graphite called a pile. It is tricky and 
very dangerous work The gamma rays, neutrons, and other 
radiations which escape from the pile are death-dealing, so the 
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pile must be built behind several feet of concrete and steel. No 
one dares approach an unshielded pile; even the air around it 
becomes radioactive and poisonous. Then, too, there is danger 
the pile might explode with disastrous results. Unbelievable 
amounts of heat are generated by a pile, and some method of 
cooling it is necessary. 

Then there is the problem of separating the Pu-239 after it 
has been formed in a pile. It is done chemically — all by remote 
control, behind thick protective shields, until the plutonium is 
pure. 

Of course, there were other problems — ^thousands of them. 
But although by the end of 1942 there was in existence only 
500 milhonths of a gram of plutonium, by 1945 a large plu- 
tonium plant was in operation, producing the material on a 
commercial scale. 

More than four square miles, 60 per cent of Hiroshima, 
Japan, was blown off the face of the earth on the morning of 
August 6, 1945 — all by a single bomb, from the change of a 
small bit of matter into seething, undiluted energy. They tell 
us, in simple, cold figures, that the early bombs were inefficient 
and have already been improved upon. Only about one tenth 
of 1 per cent of their active mass was changed into energy. For 
every^ pound of U-235 which exploded, 0.999 pound of material 
remained, and only 0.001 pound of the mass was converted into 
energy. If the entire pound of U-235 (or any other mass) could 
be changed into energy, 11,500,000,000 kilowatt-hours would 
result — power equal to that from the burning of about 3,000,- 
000,000 pounds of coal or 200,000,000 gallons of gasoline. 

Until now, man’s world has been an electron world. His 
available sources of energy have been associated with those tiny 
particles of matter spinning in their orbits in the atom. But 
now his world will be, at least in a sense, a nuclear world, with 
the boundless energy locked within the atom becoming available. 
We are faced with the greatest challenge of all time. Will we 
use this power to blast civilization from the earth, or will we 
learn to apply it usefully in a world where each of us is the 
next door neighbor to everyone else? Whether we are ready for 
it or not, a new age is dawning for mankind.— L. IF. Chubb, 
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Director, Westinghouse Research Laboratories, ^^The World 
Within the Atom/* *46. p. 27-30. 

By the year 1939 it had become widely recognized among 
scientists of many nations that the release of energy by atomic 
fission was a possibility. The problems which remained to be 
solved before this possibihty could be turned into practical 
achievement were, however, manifold and immense, and few sci- 
entists would at that time have ventured to predict tihat an atomic 
bomb could be ready for use by 1943. Nevertheless, the po- 
tentialities of the project were so great that His Majesty’s Gov- 
ernment thought it right that research should be carried on in 
spite of the many competing claims on our scientific manpower. 
At this stage the research was carried out mainly in our uni- 
versities, principally, Oxford, Cambridge, London (Imperial 
College), Liverpool and Birmingham. At the time of the for- 
mation of the Coalition Government, responsibility for coordinat- 
ing the work and pressing it forward lay in the j^nistry of Air- 
craft Production, advised by a committee of leading scientists 
presided over by Sir George Thomson. 

At the same time, under the general arrangements then in 
force for the pooling of scientific information, there was a full 
interchange of ideas between the scientists carrying out this work 
in the Umted Kingdom and those in the Umted States. 

Such progress was made that by the summer of 1941 Sir 
George Thomson’s Committee was able to report that, in their 
view, there was a reasonable chance that an atomic bomb could 
be produced before the end of the war. ... I referred the mat- 
ter on August 30, 1941, to the Chiefs of Staff committee . . . 
{who} recommended immediate action with the maximum pri- 
ority. . . . 

On October 11, 1941, President Roosevelt sent me a letter 
suggesting that any extended efforts on this important matter 
might usefully be coordinated or even j'ointly conducted. Ac- 
cordingly all British and American efforts were j'oined and a 
number of British scientists concerned proceeded to the United 
States. Apart from these contacts, complete secrecy guarded all 
these activities and no single person was informed whose work 
was not indispensable to pro.eress- , . . 
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Great Britain . was fully extended in war production and we 
could not afford such grave interference with the current muni- 
tions programs on which our warlike operations depended. More- 
over, Great Britain was within easy range of German bombers, 
and the risk of raiders from the sea or air could not be ignored. 
The United States however, where parallel or similar progress 
had been made^ was free from these dangers. The decision was 
therefore taken to build the full-scale production plants in 
America. 

In the United States the erection of the immense plants was 
placed under the responsibility of Mr Stimson, United States 
Secretary of War, and the American Army administration, whose 
wonderful work and marvellous secrecy cannot be sufficiently 
admired. The main practical effort and virtually the whole of 
its prodigious cost now fell upon the United States authorities, 
who were assisted by a number of British scientists. The re- 
lationship of the of the British and American contributions was 
regulated by discussion between the late President Roosevelt and 
myself, and a Combined Policy Committee was set up. . . . 

By God’s mercy British and American science outpaced all 
German efforts. These were on a considerable scale, but far be- 
hind. The possession of these powers by the Germans at any 
time might have altered the result of the war, and profound 
anxiety was felt by those who were informed. 

The whole burden of execution, including the setting-up of 
the plants and many technical processes connected therewith in 
the practical sphere, constitutes one of the greatest triumphs of 
American — or indeed human — ^genius of which there is record. 
Moreover, the decision to make these enormous expenditures 
upon a project which, however hopefully established by American 
and British research, remained nevertheless a heartshaking risk, 
stands to the everlasting honor of President Roosevelt and his 
advisers. . . . 

This revelation of tlie secrets of nature, long mercifully with- 
held from man, should arouse the most solemn reflections in the 
mind and conscience of every human being capable of compre- 
hension. We must indeed pray that these awful agencies will be 
made to conduce to peace among the nations, and that instead of 
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wreaking measureless havoc upon the entire globe, they may be- 
come a perennial fountain of world prosperity . — Winston 
Churchill^ former 'Prime Minister of Great Britain, Statement, 
August 6, 1945. Great Britain. Treasury. Statements Relating 
to the Atomic Bomb. ’45. p. 3-5. 

Before the fall of France, French scientists working on the 
problem of atomic fission were sent by Professor Joliet to join 
the British scientists. Towards the end of 1942, the British 
proposed that an important section of the work should be carried 
on in Canada as a joint enterprise. 

The primary material required for the production of ma- 
terials for atomic bombs is uramum One of the world’s two 
most important deposits of this substance was discovered by 
Gilbert LaBine near Great Bear Lake in Canada To preserve 
this important asset for the people of Canada and to protect the 
supply for the United Nations, the Dominion Government took 
over the ownership of the mines and the extraction plant. 

A pile has been built' in the Chalk River township situated 
on the south bank of the Ottawa river near Petawawa on a 10,000 
acre site appropriated for the purpose. It will also produce large 
quantities of radioactive materials for application in medicine and 
research, and will provide a powerful source of neutron rays for 
research on atomic physics. 

The construction of the plant followed an agreement in April 
1944 of the Combined Policy Committee representing the 
United Kingdom, the United States and Canada. This Com- 
mittee, under the chairmanship of Mr. Stimson, United States 
Secretary of War, and with Canada represented by Mr. Howe, 
was created as a result of a discussion between the partner gov- 
ernments at the Quebec Conference in 1943, to bring research 
work directed towards the atomic bomb in Great Britain and 
Canada into the closest cooperation with the tremendous under- 
taking in the United States. The Committee agreed that a pilot 
plant for the production of plutonium, a pile containing uran- 
ium metal and heavy water should be constructed in Canada, 
while the United States should concentrate on two other methods 
of producing fissile material, the production of plutonium in 
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the uranium-graphite pile, and the separation of U-235 from 
natural uranium. 

The fundamental design of the plant has been the work of 
the Montreal Laboratory of the National Research Council. This 
laboratory was set up in Canada in 1942 for uranium research 
and staffed by a combined group of scientists from the United 
Kingdom and Canada, and included some from France assigned 
by the Free French authorities to collaborate with the British 
scientists. The Laboratory is administered by the National Re- 
search Council under its president, Dr. C. J. Macken5:ie, and di- 
rected by Prof. J. D. Cockroft, Jacksonian Professor of Natural 
Philosophy, Cambridge University, England, with Dr. E. W. R. 
Steade of Ottawa as Deputy Director. Its staff has now grown 
to over 400 and it has been described as the largest organization 
ever created in Canada to carry out a single research program. — 
Bulletin of the Atomic Scientists. Mr. 15, '46. p. 7, 



SOCIAL AND OTHER IMPLICATIONS 
OF ATOMIC ENERGY 


SOCIAL ADJUSTMENTS TO ATOMIC ENERGY ^ 

A social scientist who contemplates the technical achieve- 
ment involved in the release of atomic energy feels a deep re- 
spect for a professional achievement. I am not an authority on the 
history of science, but I doubt whether that long and amazing 
history contains anything that compares with the eflFective victory 
over the unknown that the scientists of atomic physics have won. 
Certainly, nothing could be as dramatic as the final culmination 
of that fifty years of work, Nothing that I may say later af^out 
social consequences of atomic bombs and atomic energy will gain- 
say for a minute the humble respect I feel for this successful 
attainment of scientific and technological objectives. 

The history of inventions shows that at the time of a par- 
ticular discovery the social effects to come from that invention 
can only be judged as the size of an iceberg is judged with 
seven-eighths of its whole below the surface of visibility. Nat- 
ural scientists have as yet provided us very little of the essential 
concrete information on atomic energy; so a social scientist who 
comments on the social implications of atomic energy cannot 
speak about results but only about the process of social adjust- 
ment to the changes, present and prospective, set in motion by 
the release of that energy. To facilitate such a discussion, I state 
dogmatically a series of assumptions. They may be true, or they 
may be false. But they constitute the foundation for my remarks: 

1. There is no foreseeable effective defense against atomic 
bombs. 

2. No secrecy, nor cost, nor lack of materials will prevent 
bombs from being available to many countries within a few 
years. 

* Toseph H Willits, Director for the Social Sciences, RoclcefeUer Poundatign. 
Amerfcan Philosophical Society, Proceedings, 30, no, l;4g*32, 
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3. The armament race in atomic bombs is already under way. 

4. Atomic bombs may decrease the likelihood of war, but, if 
war starts, the eventual use of atomic weapons should be as- 
sumed. 

5. The ukimate military position of the United States may 
have been weakened rather than strengthened by the discovery 
of atomic bombs 

6. A world of atomic bombs puts a democratic regime at 
a disadvantage with a totalitarian one 

7. There is no present practicable way of guaranteeing peace. 
However, the multitude of forces which make for peace can be 
strengthened. 

8. Neither expectation of a sudden moral regeneration of 
mankind nor a magic formula for sudden world government 
offers as much hope for peace as patient working through estab- 
lished agencies, international and national. 

9 Full support of U.N.O. is indicated. 

10. No international machinery can be an effective substitute 
for a wisely oriented and skillfully manipulated foreign policy 
with other nations. 

11. The penalties for stupid and malevolent action are enor- 
mously increased; and likewise the incentives for wise and vir- 
tuous conduct are more imperative. 

12. Production, on a laboratory basis, of power from atomic 
fission is here; it would be wise to assume that its commercial 
development is only a matter of time and degree. 

13. Attention should be focused, not exclusively on the so- 
cial implications of atomic bombs, or of atomic energy, but on 
the entire accelerating advance of the physical and biological 
sciences and the technology which will produce even more titanic 
powers for man to use or abuse. 

14. No social ‘‘atomic bomb’' can be produced by social stu- 
dents to neutralize the atomic bomb or any other scientific 
weapon 

This kst assumption is true and the basic one on which to 
start discussion. No unitary, mechanistic answer on the social side 
is possible. It is strange how many intelligent people are wedded 
to the idea that problems which lie in the social behavior of 
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volitional human beings should respond to a mechanistic solu- 
tion. The process of social adjustment, in a democratic society 
especially, ordinarily involves four steps: 

1. Growth of a broad public awareness of the problem. On 
today’s subject it is fair to say that our democracy is ' ‘rolling.” 
If there is any general group today that is not discussing atomic 
bombs I have not heard of it. This “awareness” is a necessary 
pre-condition of wise action; but it alone does not guarantee 
wise action It can lead to foolish or malevolent consequences 
unless supplemented by the three other steps* 

2. Scientific and scholarly analysis of the facts, processes 
and issues. This means, in the issues of atomic ener^, a wide 
opportunity for collaboration between natural scientists and social 
scientists. 

3. The development of competent experts — scientific and 
administrative. 

4. Integration of the results of scientific studies and public 
sentiments and interests into wise public policies This isn’t our 
national forte! 

Given these preliminaries, I will comment on four areas 
where the social adjustments to atomic energy are critically im- 
portant. There is a wide general awareness of the social issues 
in the first two; (1) international relations; (2) commercial 
power. The issues created in the other two have received much 
less attention. These are: (3) politics and government; (4) 
morals I am passing by two additional areas where the social 
implications undoubtedly exist, but where they as yet lie hidden — 
the impact of atomic knowledge on further scientific discovery 
and the use of atomic knowledge in medicine. 

International Relations 

The advance of science and technology — ^the atomic bomb is 
merely one episode in that advance — poses an old choice with 
a new and terrifying urgency, Modern society shall avoid war 
or war shall annihilate modern society. Atomic energy may 
enable man to destroy himself. The great hope is that man will 
perceive his danger and act while he still has the power to guard 
against catastrophe. 
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There is no way to guarantee peace. Even if a successful 
attempt were made to win world unification by conquest, such 
a world would not be peaceful, democratic, nor free. I see no 
hope of world government by formula. We have to work from 
where we are, not from where we wish we were. The slow 
building and strengthening of a world community that will settle 
its disputes without resort to war is a process that cannot be 
achieved by a simple tour de force. It requires the efiorts of 
scholars and scientists, of experts and administrators, of states, 
men and political leaders, of teachers, both popular and academic, 
each contributing in his appropriate way. But it is possible to go 
beyond such general assurance and, in international policy, to 
identify certain specific opportunities for emphasis which are of 
critical importance in efforts to build a constnictive and durable 
peace. 

The very imperfections of U.N.O. reflect the limits of the 
intellectual and moral climate of the world today. However, it 
is the available world medium through which to foster the habits 
and vested interests and acquaintances that make for an expand- 
ing role of international collaboration. Working through U.N.O. 
is the practical way to build towards a world political order that 
can forestall resort to the atomic bombs of war. It is also one 
of the media through which to rebuild the fabric of international 
economic relations which war has demolished twice in our time. 

It is extremely difficult for a country, 90 per cent of whose 
minds and interests have been turned inward,' to develop and 
maintain an effective foreign policy. This did not matter so long 
as our foreign policy consisted of high tariffs, unlimited immi- 
gration, the Monroe Doctrine, and the Open Door in China. 
But today it does matter, for the foreign policy of what we com- 
placently call *‘the most powerful coimtry of the world'" vitally 
influences both the cause of world peace and our own national 
self-interest. 

It is easy and natural and fashionable today to criticize the 
State Department. In the division of labor of our governmental 
organization the State Department has to be the leader of our 
team for peace, as the War and Navy Departments were the 
leaders of our team for war. The fact of this criticism, there- 
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fore, is a wholesome sign. But the task is the task of all of us. 
For example, competent work by scholars on international issues 
such as the integration of military and diplomatic policy,, or in 
the field of foreign economic pohcy, may count towards the 
structure of international peace as surely as the work of any 
striped pants diplomat. There are two aspects of the work of 
the State Department which warrant mention. I do not see how 
it can be an effective instrument in the great responsibility which 
we carry until it achieves a greater degree of organizational con- 
tinuity at the operatmg level than it now possesses. Perhaps 
(there will be many others who will know better than I) this 
is the point at which to begm the institution of a permanent 
undersecretary with a permanent staff of civil servants which 
remains unchanged even when changes in administration occur. 
Unlike the Labor Department, the Commerce Department, and 
the Agriculture Department, the State Department has no power- 
ful group behind it concerned with its performance and protec- 
tion. Perhaps there needs to be a "citizens pressure group” that 
will criticize, defend, and, nourish the State Department as an 
arm of government. 

I have heard it said again and again in the last twenty-five 
years that this country brought able men to international con- 
ferences ; that competent technicians had produced excellent 
specific memoranda; but that the over-all determination of policy 
was inadequate and often hastily improvised. If this criticism 
be true, it may reflect the size of this country, its intellectual 
immaturity on international issues, and a preference to finesse 
r-ftther than face and choose policies. But all our preparatory 
education and intellectual work can be nullified if we do not 
take thoughtfully and competently this final organizational step 
of policy determination. 

If world war is to come again in the next twenty-five years, 
it is more likely to come between Russia and her allies and the 
United States and her allies than between any other combination 
of powers. And such a tragic and futile war would prepare the 
world only for complete social and political bankruptcy. 

I have no advice to offer to diplomats in the difficult issues 
which they face; but I do have a suggestion for scholars and 
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scientists. Russia has suggested, in her Academy of Science 
celebration, that science and scholarship may oh?er a foundation 
npbn which the Soviet world and the Western world may meet. 
No one can say whether the channels of free inquiry in Russia 
will be open to objective Western students or not But, if 
they are, it would seem wise from the point of view both of 
knowledge and of the cause of peace to encourage academic and 
personal contacts between the competent scholars and scientists 
of both countries 

I seem to have wandered far from the subject of atomic 
bombs; but atomic bombs dictate the elimination of wars, and 
the pursuit of that objective reaches widely into general as well 
as technical issues I return now to a problem which seems 
nearer to the subject of this conference — ^international inspection 
as a means of controlling the use of atomic bombs 

I have been impressed with the complete faith expressed by 
some in international inspection as a means of controlling the 
manufacture and use of atomic bombs ; then in turn by the com- 
plete lack of faith of others in its effectiveness and practicability. 
I do not know the answer, but this dilemma would seem to offer 
to natural scientists, engineers, industrial economists, and political 
students their opportunity to spell out the teclinical, political, and 
industrial issues involved in a system of inspection. Without the 
basis of such an analysis, policy cannot be wisely considered. 

Commercial Atomic Power 

Since it is possible, by human intervention, to slow down the 
rate of atomic fission, I assume it to be only a matter of tim^ 
before atomic power will be available at costs that make it com- 
mercially practicable To go much beyond this statement on the 
basis of present information would be mere speculation, I view 
with some reserve the more enthusiastic predictions that the 
load of labor is to be lifted from the backs of men and that 
plenty will be enjoyed by all. The evidence for this optimism 
is not yet adequate. 

Why speculate ahead of the evidence^ Instead I call atten- 
tion to the opportunity open for a collaborative study by physi- 
cists, engineers, industrial economists, and public administrators. 
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The object of this study would not be to guess about the social 
adjustments which commercial atomic power might produce, 
but to follow closely scientific and engineering developments and 
describe, as the facts permit, the social issues and adjustments 
which are likely to ensue. Usually the interpretation of such 
change comes after the event There is here an opportunity for 
natural scientists and social scientists, within certain limits, to 
predict social change and thereby to facilitate intelligent adjust- 
ment to it. 


Politics and Government 

The current tendency in discussions of social effects of atomic 
energy is to emphasize the dangers of war and the possibilities of 
commercial power. The political and moral implications of 
atomic power are usually ignored. But in the future these impli- 
cations may be found to be at least as important 

On the political side atomic energy looms as a giant new 
force propelling us towards the organization of society from the 
center. I give three examples: The May- Johnson Bill is one; 
and, although I share the concern which many scientists express 
over the bill, I suspect that any bill regulating atomic energy, 
which even the critics of the May- Johnson Bill might write, 
would contain many more restrictions on atomic physicists than 
have been traditional in scientific work For the second example, 
consider the same centralizing tendency which would probably 
operate in the field of atomic power. When atomic power is 
developed for commercial purposes, it will not be developed by 
private utilities, or even by municipally owned or state owned 
systems. The power will be developed in Federal central stations, 
and the system will be a Federal system. Although existing 
channels of distributing the power may be used, the policies 
for production and distribution will be increasingly Federal 
policies To the extent to which atomic power supplements 
other forms of power, the importance of central poliaes and 
central control will grow The third example is in the field of 
political rights If this country and Russia should go in for an 
armament race in atomic bombs, and the American people 
should come to realize that the Communist Party in this country 
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is not only a political arm of the Soviet Union but could be a 
potentially important military arm, one wonders how long our 
traditional guarantees of political freedom would be maintained 

Such cases justify a query as to the impact, not only of 
atomic bombs and energy, but of all their born and unborn col- 
leagues upon democratic political institutions. Moreover, what 
is the effect of such organizing of society from the center upon 
the status and independence of individuals; and, further upon 
the chances for peaceful international relations^ How may the 
advantages of modern science and technology be reconciled with 
the conditions of effective political democracy and peaceful inter- 
national relations? 

The ‘Tranklinian” minds capable of dealing with these ques- 
tions, are not numerous but such minds can find issues worthy of 
their quality. 

Morals 

Finally, I can only mention the moral implications of atomic 
energy. What is the effect on man of this possession of the 
ultimate power of the atom? It has been interesting to me to 
notice that, at the various conferences on atomic energy which I 
have attended, controls at the international level were discussed, 
and controls at the national level also ; but the controls of a moral 
and educational nature within the individual were not mentioned 
even when representatives of theological seminaries were present. 
The individual, seemingly, had become too small change to mat- 
ter. John Lindberg, of the Economic and Financial Section of the 
League of Nations at Princeton, has stated the matter well in an 
xmpublished manuscript written before Hiroshima. He puts it 
that the "outer kingdom*’ has outgrown the "inner kingdom" 
and a "social unbalance" results which will not be redressed until 
a basic equilibrium is restored. He traces the competition in our 
society of the "earthly city" (society) based on power and the 
"beloved city" based on love and sacrifice. The tragedy of the 
atomic bomb lies basically in the fact that, to survive in a world 
of such powers, we are compelled towards even greater emphasis 
and preoccupation with the means and the instrumentalities and 
the psychology of power. (It is significant to me that thoughtful 
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people in this country were more possessed by fear at the time 
of Hiroshima, when we were at the zenith of our power, than 
they were at Pearl Harbor when our defenses were down.) 

There will be much declamation and exhortation about these 
social-moral implications of atomic energy and other saentific 
inventions. But, ahead of declamation and exhortation, we need 
honest clarification The minds which can really help society to 
understand the moral implications of modern scientific develop- 
ments may be those of natural scientists (who are so deeply 
concerned with the product of their labors), or humanists, or 
men of affairs, or social scientists. To contribute helpfully these 
minds need (1) to be really capable of "the general view," (2) 
to understand the realities of the social world and the history of 
social ideas. 

In conclusion, I return to my figure of the iceberg. It may 
be that further knowledge about atomic energy and further de- 
velopment of science and technology will point to problems of 
social adjustment quite different from those which I have stressed. 
But my guess is that, whatever the character of future saentific 
development, the main questions will continue to be questions of 
impact on war and peace, on power, on politics, and on morals. 
Whatever the course of developments, atomic bombs have made 
clear that the present is a time for greatness — a time for the 
abatement of pettiness of spirit — and a time for the pooling of 
disciplines. 

I conclude with a quip which some wag used: "Atomic 
energy is here to stay but are we? 


HOW ATOMIC BOMBS MAY BE USED 
IN THE FUTURE^ 

A single bomb, reported to have exploded at a height of 
1000-1500 feet, totally demolished more than four square miles 
of Hiroshima. Structures as far as ten miles from the center of 
the blast were reported leveled. Sixty thousand persons were 
killed; one hundred fifty thousand more were casualties. A 

2 Atomic Scientists of Chicago The Atomic Bomb' Facts and ImpUcathns , 
p. 19-25. 
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second bomb, dropped a few days later at Nagasaki, was reported 
to be an "improved’’ model making the first bomb already obso- 
lete. Even though the terrain was less favorable than at Hiro- 
shima, the damage was more severe. 

If no further improvements were to be made in the atomic 
bomb or in its mode of delivery, this would be the pattern of 
its use, A single bomber, or two or three, dispatched to a single 
target such as a medium-sized city (the United States has around 
85) would eradicate it at a single blow. A country with a fleet of 
a thousand bombers, and an equal number of atomic bombs, 
could virtually annihilate an opponent in a single night’s opera- 
tion. Evidently, surprise in warfare — always an advantage — may 
now become decisive 

Defenses might conceivably be set up so that no unidentified 
airplane could ever get within bombing range of a city Atomic 
explosives, however, may be used in war-heads of stratosphere 
rockets. Short range rockets such as the V-2 may be launched 
from ships or submarines at sea. Such long range rockets as the 
recently mentioned German "Vergeltungswaffe-4 (V-4)” were 
designed to reach tlie United States from Czechoslovakia, and the 
rockets discussed by our military m.en were reportedly designed 
to cross oceans and to strike within a given square mile None 
of these rockets can be warded off as can planes. In England, 
although radio proximity fuses were useful against planes and 
against the V-1 bomb, not a single V-2 rocket was prevented 
from reaching its target. No effective defense can be expected 
for the future 

The extreme power and compact size of an atomic bomb 
make the use of either planes or rockets for their delivery un- 
necessary A compact "mine” or time bomb of atomic explosive, 
smuggled into the country, can be introduced into a city in some 
such simple fashion as in an automobile or light truck It can 
be disguised as a drum of fuel oil or hidden m a case marked 
'^Refrigerator Every public conveyance and means of public 
or private transportation thus becomes a possible agent of destruc- 
tion. Or, the "makings” might be brought in piecemeal and 
assembled on the spot by an agent of an aggressor country. A 
soundless time mechanism or a radio-trigger tuned to a special 
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signal can operate the detonating mechanism at the desired 
instant. Such a mine need not be placed in any special strategic 
location; almost any place within a mile radius of the prime 
target is close enough. Inasmuch as neither U-235 nor Pu"239, 
the basic materials of the atomic bomb, emits any radiation 
permitting detection of its presence from a distance, detection 
of such time bombs becomes very difficult 

With rockets and mines available, the next war, the atomic 
war, will probably start as a ‘'pushbutton” affair. Rather than 
mobilize armies and airforces and declare formal hostilities, an 
aggressor will one night set off a flight of rockets and the light of 
morning will reveal only rums where the cities of the victim once 
stood. A radio signal might accomplish the same result by 
detonating mines planted ahead of time. Under these circum- 
stances the aggressor need not be a large country nor one with 
a large army Nor will the victim necessarily know the identity 
of the aggressor. Determination of the point of origin of 
stratosphere rockets is very difficult and atomic mines, being com- 
pletely vaporized, leave no identifying pieces. 

This extreme premium on surprise and the striking of the 
first blow may make even peaceful countries aggressors. In case 
of suspicion that another may strike, the only effective defensive 
measure may be to strike first. In any event, it is likely that 
possession of atomic armaments by many countries will not lead 
to peace. 

Fear of retaliation by a country possessing bigger and more 
efficient bombs is an insufficient deterrent to aggression. First, 
one must recognize that the decision for or against war rests with 
small groups of men ; and it is their momentary evaluation of the 
dangers to their position and to the welfare of their country that 
decides the issue There is no guarantee that the price of possible 
retaliation is one which they are unwilling to pay for the benefits 
they expect from administering the first effective blow Popular 
apprehension of the dangers of retaliation with atomic weapons 
cannot be relied on to guide the decisions of the heads of gov- 
ernments. 

There are, moreover, many situations in which an apparent 
superiority in atomic weapons does not necessarily lead to a 
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greater efiicienqr in their employment for the purpose of retalia- 
tion. Since only a few hundred bombs are necessary to destroy 
the cities and a major portion of the industry of a country as 
large as the United States, in the event of an unchecked arma- 
ments race even small nations may become as effectively armed 
with atomic weapons as their larger neighbors. Once a nation 
has accumulated enough bombs to destroy the cities of its 
intended victim, more bombs are of no avail ; nor will its victim 
find safety in the possession of an overwhelming number of 
bombs. For example, the nation intending aggression may 
rapidly evacuate the population from its own cities just before 
the unannounced attack. Thus, although a nation may suffer the 
loss of Its cities through retaliation by a better-armed victim its 
casualties will likely be far fewer than those of the victim. A 
nation under duress may well decide in favor of a 'Victory” in 
this limited sense 

Finally as mentioned above, the aggressor can well remain 
anonymous. The atomic mine and possible developments in long 
range missiles extend to the aggressor nation the hope that it will 
not suffer any retaliation. The aggressor’s objectives may be 
satisfied without invading the enemy’s territory and thus revealing 
its identity. Thus a commercial competitor may be eliminated by 
crippling its industries. 

In the course of the history of warfare there have been several 
periods in which the balance of offense versus defense was upset, 
to the momentary advantage of those in possession of superior 
offensive weapons. During such periods crucial battles and even 
wars have been won on the basis of the temporary superiority 
of the attack. In time, however, each such lead was effectively 
reduced, if not eliminated, by the development of some innova- 
tion in defensive techniques. The preceding discussion does not 
imply that the destructive power of all conventional weapons 
has been allayed — the devastated cities of Europe are mute evi- 
dence of the lack of adequate defenses against massed bomber 
raids, for example. It implies only that a sort of equilibrium 
has been established between offense and defense, so that no 
single weapon could, unaided, sway the decision, 
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The development of the atomic bomb has greatly changed 
this traditional pattern of offense versus defense. Never has the 
offense become so entirely dominant. Never has there been a 
weapon whose first application in an attack will be almost certain 
not only to penetrate the defense, but also largely to demolish 
it. In this past war it was possible for the Allies to win even 
though they were on the defensive for the first two years. In a 
future atomic war the active defense will be enormously weakened 
after the first few minutes. 

The enormously greater destructiveness of the atomic bomb 
over that of any previous weapon means that an adequate defense 
must be designed to prevent a very large fraction, if not all, of 
the atomic missiles* from reaching even the vicinity of their 
targets It must be able to do this at all times, maintaining 
continuous vigilance in peace as in war, alert at a few seconds 
warning for efficient operation, and must be prepared for any 
surprise attacks or new attacking techniques. 

The atomic bomb increased the destructiveness of explosives 
by several miUionfold; some similarly fantastic improvement in 
the ability of the defense either to ward off the blow or to absorb 
its shock is now required. Romantic speculations on the miracles 
which science has wrought in the course of the last war are not a 
sound basis for evaluating the possibilities of such a defense. 
Not only does the present atomic bomb have an enormous lead 
over any existing defense, but progress is not likely to be confined 
to measures of defense. Much more destructive bombs in great 
numbers, dehvered by a large variety of new carriers, are likely 
to offset any gains in defense. 

Any defense must be based on: (1) reducing the number of 
missiles thrown; (2) interfering with their aim; (3) dispersing 
all possible targets for an attack; or (4) absorbing the shock of 
those which strike their targets. 

The radically new principle employed in the atomic bomb 
has led to some speculation in the popular mind that a similarly 
original principle might be developed which could destroy the 
bomb or its basic material at a distance. In our present state of 
knowledge, hopes in this matter appear wholly imaginary; the 
atomic explosive is even freer from interference from a distance 
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than any ordinary explosive. Any active defense must be directed 
towards the bomb’s carrier. 

What may be -called the positive defenses, consisting of ag- 
gressive action against the atomic bomb carriers, designed to 
prevent them from reaching their targets or to destroy them in 
process of delivery, must be as varied as the possible modes of 
delivery. To be satisfactory, a system of defense must be highly 
effective against conventional bombers, jet propelled planes, V-1 
type bu^sz bombs, and V-2 type rockets, to account only for the 
types of carriers known at present The recent progress in speed 
of military aircraft, which tends to favor the attacker, makes it 
unlikely that a sufficiently large fraction of the attacking planes 
will be shot down far from their targets, even with the aid of 
radar, high speed fighter planes, and such devices as proximity 
fuses The same may be said of V-1 buzz bombs and of the 
newer, fast types of jet and rocket planes. In the past war a 
defense capable of shooting down 20 per cent of the bombers 
in an attacking force was considered excellent. With due con- 
sideration for the factor of surprise it is difficult to see how any 
measures of defense could be relied on to maintain the required 
very high efficiency. Atomic attacks are most likely to be un- 
announced blows struck during peace, perhaps by supposedly 
peaceful commercial planes on routine flights, or by pilotless 
rockets launched by ships or submarines near our shores. 

Stratosphere rockets of the V-2 type, traveling at speeds of 
3500 miles per hour (twice as fast as a high velocity shell), 
present a problem of a still different order Not one of those 
aimed at England was ever shot down The detection of an 
approaching long range rocket by radar is capable of giving no 
more than a few seconds or minutes warning, according to the 
radar experts Difficult as tlie detection of a rocket missile 
appears, it is an easy problem in comparison with its actual inter- 
ception Conventional anti-aircraft weapons, such as fighter 
planes or shells, are much too slow. Only counter-rockets guided 
by radar show even remote promise. The system would have to 
be so complicated, and its operation would be contingent upon 
so many unknown and uncontrollable factors, that it is impossible 
to believe it could be 100 per cent effective, especially against 
possible saturation tactics employed by the enemy. 
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An effective system of defense for atomic bombs must also 
take account of various possibilities for secret delivery of the 
bombs in the form of preplanted mines. Since the bombs are 
small, they may be smuggled into the country disguised as freight 
shipments, or they may be carried m piecemeal via diplomatic 
pouch or by secret landings on our shores and then assembled and 
planted in our cities or other strategic locations by enemy agents 
Such mines can be set off by a variety of mechanisms, at a pre- 
arranged signal. They emit no radiations which might render 
them open to detection, and they may be hidden, even buried 
underground, and still be enormously destructive Mines can 
more certainly destroy their targets than can other methods of 
delivery such as planes. Their use attaches a high premium to 
efficiency in counter-espionage as a first line of defense. Even 
if it were possible to establish a rigorous system of inspection of 
all materials entering the country, and a periodic and thorough 
inspection of all our cities, it is hardly conceivable that such a 
set of protective measures can be made 100 per cent effective. 

To date, the only proposal for a defense which, realistically, 
seems to offer any assurance whatever of diminishing the hazards 
of an atomic bomb attack upon this country is that which consists 
in rendering us a less attractive target for any adversary This 
country, because of its tremendous concentrations of population, 
industry, government and transportation facihties in a relatively 
small number of metropolitan centers, is one of the most vulner- 
able of all to atomic weapons, which are most efficiently employed 
against such concentrations. If we were to embark on a large 
scale effort to disperse the population, industry, government and 
transportation systems of all of our cities and industrial concen- 
trations, to spread them out uniformly over the habitable area of 
the country, we could greatly minimize the effects of an attack 
upon us Further, we might place many important factories 
underground. To effect the same destruction, an enemy would 
then have to attack us with several thousand rather than several 
hundred bombs. It is obvious that such a program could only 
be carried out at the cost of industrial efficiency, and with the 
sacrifice of our standard of living, and of our free institutions 
and personal liberties. It has been estimated, for example, that 
the cost of dispersing our cities to towns of no more than 100,000 
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population would be about three hundred billion dollars. More- 
over, it is probable that only temporary safety would be gamed, 
for several nations have within their productive capacities the 
manufacture of even many thousands of atomic bombs, within 
perhaps as little as twenty years, and such a program of dispersal 
could not be accomplished in less than, say, ten years. 

Thus it appears an inescapable conclusion that no combination 
of national defenses is capable of giving us any assurance of 
safety in the event of a large scale attack with atomic bombs. It 
is probable that a well prepared nation could save itself from 
subjugation, but not from the ravages of an overwhelming 
destruction. Thus we must revise our entire philosophy of de- 
fense. If we find that we must exist in a world in which nations 
can freely arm themselves with atomic bombs, we must organize 
ourselves to withstand a Pearl Harbor on a nationwide scale and 
still survive to prevent the occupation of our country. 


MILITARY MENACE TO WESTERN CITIES « 

The real point in issue here ... is whether the atomic bomb 
will do a great and overwhelming amount of damage to American 
or European industrial aties since it has only been observed to 
do damage over rather lightly constructed cities, like the cities 
of Japan. 

The nature of Major de Seversky's comment is that it will 
only do damage comparable to that of a very large TNT bomb 
carriable by one plane. Against this one has to look into the 
technical features of the situation. ... It is true that we do not 
have any experience with the atomic bomb over a city of western 
construction. We have, however, some experience with large 
explosions in these aties. I think the most famous explosion 
was that in the harbor in the city of Halifax caused by the de- 
tonation of picric acid, which is similar to TNT, corresponding 
to 4,000 tons. That was out in the harbor some distance from 
the shore. It was outside the city of Halifax, and although I 

» From statement of Dr. Philip Morrison, Atomic Physicist on the bomb project, 
before the Senate Special Committee on Atomic Energy, February 15, 1945. 
ings on S. 17?, part 5. p. 530-4. 79th Congress, 2nd session. 
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have only been in Halifax once, I would say that if you should 
pick out a city at random m the United States you would find 
a city similar to Halifax. It is not like lower Manhattan, but 
there is not much in the United States that is like lower Man- 
hattan. This city was damaged pretty badly by this accidental 
explosion equivalent to 4,000 tons of TNT. I think the number 
of casualties is not well known, but it was estimated to be about 
30,000. This is the best sort of experience we have in this 
direction. 

In one German city there was a 5,000-ton explosion of am- 
monium nitrate, and there again the casualties — this was rather 
remote, out from the center of the city in a chemical plant — ^were 
only a few thousand. I think you have to think of these things 
to see that a 20,000-ton explosion, that of the atomic bomb, 
will do much the same sort of damage. 

The scale factors in going from a 10-ton to a 20,000-ton 
bomb are known. It is not correct to say that there is 2,000 times 
as much damage. There is 2,000 times as much energy, but not 
2,000 times as much area of damage. 

However, one can look at some of the scale factors, and I 
think you will see the sort of thing we have in mind. For ex- 
ample, the standard British figures learned by experiment and 
also by actual observation in damaged regions show that for a 
2-ton blockbuster. Let me give you a few figures. We have not, 
of course, exposed people to this, but from actual measurements 
made in the same way with the same instruments on 2-ton bombs 
and on the atomic bomb, and from actual observations of what 
2-ton bombs do in European cities, we have some standards to 
go on. It is a question of measuring, not a question of opinion, 
as far as I can see. It is a technique one has studied and knows 
something about. 

One distance, for example, is the distance at which lung 
damage from blast becomes important. This is surprisingly close 
to a bomb. That is, people are rather resistant to blast, so if a 
man is not hit by debris or pushed against a wall, or burned, but 
simply hit by a blast wave, it must be close to him. The figure 
given ^is something like 50 feet from a 2-ton blockbuster, and 
the man has a Lu^ chance of surviving against this damage, 
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against lung damage That figure would go up to something like 
1,200 feet for the atomic bomb. 

In the same way, a 9-inch wall, which is a good example 
of grade B damage, would be expected to be pushed over most 
of the time at 200 feet from a 2-ton blockbuster, and I would 
say that the equivalent scale factor from our experience with 
this bomb would be about 4,000 feet. 

Pressures due to a tornado produce only partial structural 
damage — a tornado would not have fazed the medical school or 
the Red Cross Hospital at Nagasaki. It would have done about 
the same thing the bomb did, smashed the insides. But the 
aerial photos would still look pretty good. That is what we cal] 
roof and ceiling damage — skylights, casements, interior partitions, 
and so forth. 

The tornado scale of damage was produced 450 feet away 
from a 2-ton blockbuster, and about seven or eight thousand 
feet away from an atomic bomb, I would say. 

Now, if you get 650 feet away from a 2-ton bomb, you have 
the effect of a wind gale as of a severe storm which will knock 
over billboards, light roofs, and probably knock over many 
Japanese houses, but not very serious. That same effect would 
be produced at about 14,000 feet as against 650 feet. All one 
has to do is to look at these scale factors, and it becomes hard 
to see how you can conclude that against any kind of target the 
two will not have qualitatively a different kind of damage — 100 
times as much — maybe 300, I wouldn’t argue about that, and I 
think that is all that any responsible person has ever claimed. 

It is perfectly true that the total area of damage in lower 
Manhattan would be much less than the total area of damage at 
Hiroshima; no one can doubt that I think the total casualty 
damage would be comparable, because the thing that protects 
Manhattan is that it is strong and densely populated. It was made 
to have a lot of people in it. I think in the same way, roughly, 
you would do about the same dollar damage in lower Manhattan 
as you do in Hiroshima. The building costs more to build and 
is stronger when you get it done 

I don’t think the military effect would be much less than 
the military effect of a bomb dropped at the right time of a day 
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over Hiroshima. If you dropped one at random on Manhattan, 
not Wall Street, you would produce an effect of much the same 
qualitative and quantitative damage as at Hiroshima. There 
would not be so much burning, but the buildings would still be 
broken down. There would be extensive class B damage, build- 
ings made unusable, capable of repair' but not totally destroyed, 
extending over several miles You will have casualties running 
from 30,000 to 100,000. 

If the hit were lucky, in the middle of the day while people 
were on the streets, it might be 200,000 

I cannot see how a conceivably lucky hit with a 10-ton block- 
buster could do anything like this. The whole point of what 
people have been saying about the atomic bomb is not that some- 
how it magically kills people. It does not vaporize them It 
does not make them into glass. It doesn’t do any of these things 
No one who was responsible said that But it does produce 
extensive damage, damage which cannot be produced by less than 
100 superbombers of a sort we don’t have many of now. One 
has to remember also that to talk about raids of a hundred or a 
few hundred bombers measured against one atomic bomb does 
not give you the right factor. What one must think of in 
determining what this will do in the future conduct of war and 
solving the problems you have before you is not the question of 
what happens when one atomic bomb comes, but what happens 
when a thousand come, because we are told, and I can assert that 
it IS true, that we can manufacture atomic bombs without ap- 
preciably increasing our plants. I think that to correspond with 
this sort of bomb production, Mr. de Seversky’s figure as to the 
necessary airplanes — ^which I think he would find great difficulty 
getting off the ground — ^would be 200,000 bombers, with 2,000,- 
000 trained crew and another 10,000,000 ground crew. I don’t 
think you can load these people and send them off in a day or 
two days. . . . 

Senator Johnson. Dr. Morrison, is it an exaggeration to 
say that one atomic bomb equals 20,000 tons of TNT.^ 

Dr. Morrison. No, sir, that is a correct statement. . , . It 
is not a correct statement to say that it does the damage which 
20,000 individual 1-ton bombs would do. That is no longer a 
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correct statement. . . , The basis of comparison is on energy 
released, and what we are saying is that the atomic bomb does 
the same damage that would occur if you had an arsenal con- 
taining 20,000 tons of TNT all in one piece, and simultaneously 
blew it up. Then you would have very comparable damage. 

There are some additional factors, but for the purposes of 
argument they are not important; so I would say it is a sound 
statement to say it is like an explosion of 20,000 tons of TNT. 
It does not do as much military or tactical damage ... as 20,000 
individual planes each dropping 1 ton. 

I might perhaps give a rough explanation of why this is. The 
point is that you blow up the center of this region very thorough- 
ly. You blow it up into tiny, little pieces; whereas if you have 
1-ton bombs, you blow up many more regions into medium- 
sized pieces. As far as the military effect goes, it doesn't matter 
if a man is blown into a thousand or Eve thousand pieces, or 
into two, as Colonel Warren reminds me. It is more efficient to 
kiU a man by blowing him into two pieces than to waste your 
energy in tearing his building or him up into shreds. The 
building is useless and the man is dead. 

All you have done is spread energy violently in this area. 
As you go farther out, the energy goes down. It is not true 
that 20,000 tons of TNT does 20,000 times the area damage as 
one blockbuster of one ton achieves, but it does do several 
hundred times as much area damage, and that is the point we 
are trying to make. 


WITH ALL OUR LEARNING^ 

‘'We have nothing to fear but fear itself," said President 
Roosevelt a dozen years ago, and a few years later he gave free- 
dom from fear a prominent place among the four freedoms. 
But that was before the death-dealing power of the atomic bomb 
had been demonstrated at Hiroshima. More recently Senator 
Thomas, in his book, The Four Fears, urged his fellow Ameri- 
cans to discard their fear of idealism, of entangling alliances, 
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of England and Russia, of revolution. He found these fears 
unhistorical as well as irrational, to be replaced by a courageous 
standing up to the problems, undoubtedly grave, which we have 
to solve, "'I am not afraid to be an American,” he said, “though 
I acknowledge the heavy obligations of our national position. 
Nor am I afraid to have all men enjoy the freedoms we enjoy 
here in America.” But that, too, was before the horror over 
Hiroshima. 

Hiroshima appears to have changed everything. In the words 
of Norman Cousins, it has suddenly intensified and magnified a 
primitive fear, “the fear of the unknown, the fear of forces 
man can neither channel nor comprehend.” Overnight, accord- 
ing to him, this fear “has burst out of the subconsaous and into 
the conscious, filling the mind with primordial apprehensions,” 
so that “man stumbles fitfully into a new era of atomic energy 
for which he is as ill equipped to accept its potential blessings 
as he is to control its present dangers.” The peril has assumed * 
such monstrous proportions for a host of writers and speakers, 
that fear is being transfigured into a redemptive virtue. Each 
in his own style makes it a condition of human survival, as Mr 
Cousins does, that “the quintessence of destruction as potentially 
represented by modern science must be dramati2ed and kept in 
the forefront of public opinion . . . Only then will man realise 
that the first order of business is the question of continued 
existence. Only then will he be prepared to make the decisions 
necessary to assure that survival.” .... 

President Roosevelt was . . . right and Senator Thomas was 
right. The thing to resist, the thing to conquer is fear, and just 
now fear of atomic energy; not because there is no danger, but 
precisely because the danger is great. We cannot afford to he 
afratd. Let us suppose the danger is dramatized and brought 
to the forefront of public attention; it will not stay there. Fear 
can be aroused and spread abroad, and it can be exploited by 
those who know how to play upon the emotions, but it cannot 
be made to last. Men are not made that way. They won’t take 
it. Perhaps they can’t. At any rate they don’t And if it could 
be, what are the chances that the right persons, the ones who do 
the greatest damage to the human cause, would be frightened 
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from their scheming? Those who are willing to risk disaster 
always gamble on escaping the consequences if disaster comes. 
History provides eloquent testimony to this ugly truth. 

Moreover, fear while provocative is uncreative. That is the 
final word. It can push men into action, but to act wisely takes 
intelligence, the more so in times of great danger, and that kind 
of intelligence is not a product of fear It is the nature of fear 
to breed suspicion and distrust These attitudes in their turn give 
rise to behavior which intensifies the inciting fear. So on and 
on in a vicious circle that becomes more and more difiicuit 
to break through. Feelings, actions, ideas expressive of the 
fear, and only these, appear feasible under the circumstances. 
Anything else seems unrealistic, fantastic, even immoral At the 
same time the creative energies are paralyzed which, if freely 
brought into play, would lead to better understanding and co- 
operative effort. Consequently fear causes the situation to grow 
worse and worse, until the pressure of dread can be withstood no 
longer and violence breaks out. 

It should be obvious that this analysis of fear psychology is 
intended to be applied universally; to hold, so far as it goes, 
not only of the American people, but of all peoples. They, too, 
cannot afford to be afraid, however frightful the outlook may 
appear. They, too, must resist giving way to fear, even if it is 
we, the United States of America, alone or allied with others, 
who try to make them afraid. And unless the relation of fear 
to the present crisis is seen in this worldwide perspective, there 
is no prospect that we shall deal intelligently with the gravity 
of the situation . . 

What to do positively and constructively? It is safe to say 
that no one has the answer. Anyone who pretends to have 
thereby demonstrates that he has oversimplified the problem 
The thinking demanded is so revolutionary, and the acting with 
which It must be intimately combined is likewise so revolutionary, 
that if a few initial steps are suggested as a beginning, this is 
all that can reasonably be expected 

Well, the disposition or temper of mind required of us should 
be unmistakable. It is the deliberate acceptance of the crisis as 
an incitement to spiritual creativeness. And the practical conduct 
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called for should likewise be evident Stating the objective for 
the moment in general terms, it is conduct whtch puts spiritual 
creativeyiess to work in daily affairs — in the small, everyday pre- 
occupations which are fundamental to existence; in the broader 
interests that add excitement and color to living; and in those 
longer-range commitments through which the individual realizes 
his highest selfhood and, in union with others, enriches and 
glorifies the human endeavor. 

The adjective spiritual may not be a happy choice. It is likely 
to offend the sophisticated sensibilities of the reader who can- 
not distinguish it from what Stuart Chase calls **high-power 
abstraction,” and it will doubtless encourage false hopes in one 
who thinks of spiritual as essentially otherworldly. But it is 
still the best word available to designate certain life-elevating 
ideals. And it has the added value of suggesting continuity be- 
tween ourselves and our forbears in allegiance to those ideals, 
a continuity to which we are indebted for much of whatever is 
praiseworthy in contemporary civilization, as well as for a good 
deal of our militant desire to improve upon traditional customs 
and institutions. 

In any case, the problem is not one of finding the right word. 
It has to do with the conduct of life, and with life at its core 
and center. 

Basically the task is educational, the reeducation of adults 
and the proper education of the young To some people this will 
seem a purely academic idea. Education takes time, they will say, 
and the need is urgent, immediate The magnitude of the peril 
is no greater than its menacing imminence Whatever is done 
has to be done in a hurry Unless we act qmddy, the whole 
human business may be brought to a stop by an outbreak of 
super-atomic bombing. And who can deny categorically that they 
are right ? There may not be time to get returns on an educational 
investment. 

Nevertheless the solution lies ultimately in education. What- 
ever steps can be taken at once should of course be taken. But 
the radical change of individual and social motivation which is 
indispensable cannot be accomplished by an instant act, no mat- 
ter how all-embracing. The hfe men liye cannot be turned like 
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a flapjack in a pan. Realistic reform, the only reform that takes 
hold and functions, is reform embodied in new intellectual and 
moral habits, which is to say that it is the product of education. 
There may not be time for such reform, or it may turn out that 
man collectively does not have what it takes, but as Elmer Davis 
said in ±e face of an earlier crisis: *The world is run by people 
who did not slip back into passivity, no matter how disheartening 
their problem,” by people “who sat down to think their way 
out,” and then went at it “to work their way out.” 

Suppose it IS tentatively agreed that the best approach is 
through education, where should the emphasis be put^ In view 
of the situation in which we are it should be put on improving 
the understanding of science. As every one knows, scientific 
progress has been significantly instrumental in bringing about the 
present hazardous conditions. A clearer conception of science, 
of its aims, its experimental procedure, type of data and truth, 
range of applicability, and so on, will not in itself provide the 
way out, but it is a prerequisite to the inauguration of any plan of 
campaign, of any social program that will. And the deplorable 
fact is that this conception of science has not entered into the 
thought of the vast majority of people even in the most enlight- 
ened countries. A. J. Carlson is undoubtedly right: 

The modern man adjusts to an environment greatly modified by 
the scientific efforts of the few The "Peking Man," we may assume, 
adjusted himself as best he could to nature in the raw. A span of 
about a miQion years separates the two. And yet the two are about 
equally innocent of science, in the sense of the spirit and the method 
of science as part of their way of life. For science is more than in- 
ventions, more than gadgets, however useful and important they may 
be. Science is even more than the discovery of and correlation of new 
facts, new laws of nature. The greatest thing in science is the scientific 
method, controlled and rechecked observations and e^fperiments, objec- 
tively recorded with absolute honesty and without fear or favor. Science 
in this sense has as yet scarcely touched the common man, or his 
leaders 

Science in this sense has scarcely touched the common man or 
his leaders, but in another sense it has entered deeply and vitally 
and inextricably into the life of both. And because in the one 
sense it has not penetrated inwardly and in the other sense it 
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has done so more and more, mankind has come to the present 
pass. Applied science has showered men with a wealth of useful 
devices which are now so interwoven with desires and habits, so 
inseparable from the economic and social setup, that any other 
manner of living seems unthinkable. We insist on having more, 
not fewer, of the gifts of science, more convemences, more labor- 
saving mechanisms, more time-saving speeds. And there is al- 
ways the fascination of the scientific novelties themselves. Al- 
though the latest triumph of applied science may endanger the 
existence of civilized man, yet we look excitedly forward to the 
flood of atomic energy which is promised, we dream of new 
giants of power, we wait not too patiently for an unparalleled 
abundance of new tools and toys. Science the wonder worker 
has captured us body and soul, and there is no likelihood what- 
ever that some unscientific utopia will ever tempt us away. 

In one respect, then, we are science-hearted and science- 
minded, on whichever side of the tracks we live We lean on 
science as a lame man leans on his crutches. And where are we 
headed with the help of our scientific crutches^ Surely that is 
a question of some importance. Science applied makes the going 
healthier, easier, more comfortable, but whither does it take us 
in the end ? 

It is here — namely, when we reflect upon life’s direction — 
that science receives the cold shoulder. Possibly the majority of 
men and women are satisfied to allow the means and mechanisms 
of hving to determine how they shall live, and all of us must 
do so more or less ; but there are few people who never evaluate 
the worth of what they are doing, and for a considerable number 
the influence of critical evaluation pervades conduct as a whole. 
But while criticism of life, much or little, is thus nearly uni- 
versal, there is an obvious lack of unanimity as to the criteria 
which valid criticism has to employ, and there is the widest 
possible disagreement regarding the source upon which any au- 
thentic appraisal of hfe must draw On one point there is con- 
spicuous accord: science is not expected to throw light on prob- 
lems of value A national poll would no doubt show that the 
means of living we gladly accept from men of science or their 
business representatives, but that the ends of living, especially the 
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so-called higher or finer ends, we insist upon getting from theo- 
logians, philosophic idealists, men of letters, artists, or from 
forays into the occult. 

The cause of this twofold commitment is in the mam histor- 
ical. Some three hundred years ago a number of men of genius 
set out to acquire a new kind of knowledge which would en- 
large man’s control of his earthly destiny through mastering the 
forces of nature. For reasons which were good at the time, per- 
sonal safety being one of them, they restricted the design of 
investigation to ’Tacts” and ignored ’’values.” As a result they 
handed down a cultural dualism which succeeding generations 
of investigators and thinkers have perpetuated and intensified; a 
dualism of objectives which not only separates the practical 
means of living from the higher ends of life, but makes them 
competing drives in the individual and in society. 

Nowhere has this enterprise prospered more remarkably than 
in the United States. Drawing upon the physical resources of 
a vast, scantly-populated wilderness we have transformed it into a 
teeming commonwealth, and have advanced to a place of world 
leadership. It is a material leadership. We have the money, the 
machines, the natural resources, the industrial equipment and 
organhation. In moral leadership — if what one reads can be 
trusted — ^we never stood so low in world esteem. 

The atomic bomb has shocked us into a clearer appreciation 
of the fact that power alone is not enough. But the atomic bomb 
has done nothing to impair the notion that practical means and 
ideal ends belong to separate orders of reality, to eacli of which 
we owe allegiance in turn. We continue to believe — indeed it 
looks as if we were to believe it more than we have yet believed 
it — ^that to live and succeed a man must adopt materialistic 
standards, while to fulfill his latent possibilities as a civilized 
human being he has to commit himself to otherworldly standards. 
This is the fateful division which has to be healed, this division 
between ’’body” and ’’spirit,” and between the institutions that 
have grown up to serve them in separation. Unless it is healed, 
every increase in power is potentially a step toward catastrophe. 

A problem of these proportions should rule out all dogma- 
tism. Too much of weal or woe depends upon success or failure 
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in its solution. At the same time it calls for the frankest and 
clearest declaration of convictions. Personally I am convinced 
as the foregoing discussion has implied, that the one hopeful 
approach is through the extension of scientific thinking to areas 
from which it has been all but excluded. By this is not meant 
the emptying of human life into test tubes, or the substitution 
of dial readings for the varied qualities of living experience. 
It means that the dependable, the objectively testable kind of 
thinking which is the rule in the natural sciences should be put 
to work in the great laboratory of man’s search for the good 
life — the good hfe richly and profoundly conceived. 

To sum up. The destmy of the American people, the destiny 
of mankind, hangs on what is done to symphonize these dynamic 
agencies of modern life — mechanized power and civilizing ideals. 
Historical events have separated them as self-contained, self- 
sufficient, self-justifying enterprises. They belong together in 
reciprocal relationship. 

To bring such integration about will not be easy, for it in- 
volves interfering with vested interests and established customs. 
On the one side are the conscious or unconscious devotees of 
power: military leaders who contend that the first obligation is 
to make sure of supremacy in might; men of science who de- 
clare themselves undone unless their research ambition is un- 
hampered by social responsibility; business executives who claim 
the right to turn atomic energy into cash. On the other side 
are the educators, men of letters, philosophers, prominent church- 
men who, a hundred to one, argue that true values are intrin- 
sically supersensuous. They are apprehended by means of pure 
reason, divine revelation, or mystical ecstasy, and when so ap- 
prehended will bridle the secular struggle for power. 

No sensible person will expect to see the job finished in a 
year or a decade, but it can be begun at once by taking care of 
the pressing obligations which the contemporary upheaval has 
deposited on our commercial, political, educational, and religious 
doorsteps. 

In the long run — to say it once more — ±e problem is edu- 
cational. We need to be educated to want facts; facts about the 
world from which we stem, facts about ourselves as having our 
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origin in that world, fads about thinking and idealizing, and the 
conditions that cause these unique abilities to thrive or decline. 
It is about time, for instance, that we quit dodging the issue 
by concentrating our attention on abstractions — quit denouncing 
'war,” bemoaning “human nature,” belittling “politics,” and 
really go after the conditions which have the evils we complain 
of as necessary consequences. 

We need to be educated in reverence for the human quest, 
and in realistic idealism which is this reverence concretely ap- 
plied. 

We need to be educated in the neglected art of resolving 
otherwise irreducible conflids, including war, man’s direst enemy. 

There is no ground for pessimism if we begin where we are 
and resolutely press on. There is no ground for anything else 
if we do not. 

Can we read the sign in the sky over Hiroshima before it is 
too late? That remains to be seen. We have had the courage 
to stake everything on a race for power. Have we a comparable 
courage to make clear to our minds, and to espouse in day-to-day 
action, the full breadth of the way of life we have long pro- 
fessed? If we have, all may yet be well. If we have not, we 
are done for. 


THE REAL PROBLEM IS IN THE HEARTS OF MEN ® 

Many persons have inquired concerning a recent message of 
mine that “a new type of thinking is essential if mankind is to 
survive and move to higher levels. 

Often in evolutionary processes a species must adapt to new 
conditions in order to survive. Today the atomic bomb has al- 
tered profoundly the nature of the world as we knew it, and 
the human race consequently finds itself in a new habitat to 
which it must adapt its thinking. 

In the light of new knowledge, a world authority and an 
eventual world state are not just desirable in the name of brother- 

•'By Albert Exnstem, discoverer and exponent of relativity; Chairman of Emer- 
gency Committee of„Atomtc ScientfstSj Prtnceton, N. in interview with Michael 
Amrinc. New York Times Magazine, p. 7-^-. June 23, 1946. 
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hood, they are necessary for survival. In previous ages a nation’s 
life and culture could be protected to some extent by the growth 
of armies in national competition Today we must abandon com- 
petition and secure cooperation. This must be the central fact 
in all our considerations of international affairs; otherwise we 
face certain disaster. Past thinking and methods did not prevent 
world wars. Future thinking must prevent wars. 

Modern war, the bomb, and other discoveries or inventions, 
present us with revolutionary circumstances. Never before was 
it possible for one nation to make war on another without send- 
ing armies across the borders. Now with rockets and atomic 
bombs no center of population on the earth’s surface is secure 
from surprise destruction m a single attack. 

America has a temporary superiority in armament, but it is 
certain that we have no lasting secret. What nature tells one 
group of men, she will tell in time to any other group interested 
and patient enough in asking the questions. But our temporary 
superiority gives this nation the tremendous responsibility of 
leading mankind’s effort to surmount the crisis. 

Being an ingenious people, Americans find it hard to believe 
there is no foreseeable defense agamst atomic bombs. But this 
is a basic fact Scientists do not even know of any field which 
promises us any hope of adequate defense. The military-minded 
cling to old methods of thinking and one Army department has 
been surveying possibilities of going underground, and in war- 
time placing factories in places like Mammoth Cave. Others 
speak of dispersing our population centers into “linear** or “rib- 
bon” cities. 

Reasonable men with these new facts to consider refuse to 
contemplate a future in which our culture would attempt to sur- 
vive in ribbons or in underground tombs. Neither is there re- 
assurance in proposals to keep a hundred thousand men alert 
along the coasts scanning the sky with radar There is no radar 
defense against the V-2, and should a “defense” be developed 
after years of research, it is not humanly possible for any de- 
fense to be perfect. Should one rocket with atomic warhead 
strike Minneapolis, that city would look almost exactly like 
Nagasaki, Rifle bullets kill men, but atomic bombs kill cities. 
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A tank is a defense against a bullet but there is no defense in 
science against the weapon which can destroy civilization. 

Our defense is not in armaments, nor in science, nor in going 
underground. Oui defense is in law and order. 

Henceforth, every nation’s foreign policy must be judged at 
every point by one consideration: does it lead us to a world 
of law and order or does it lead us back toward anarchy and 
death ^ I do not believe that we can piepare for war and at the 
same time prepare for a world community. When humanity holds 
in its hand the weapon with which it can commit suicide, I be- 
lieve that to put more power into the gun is to increase the 
probability of disaster. 

Remembering that our main consideration is to avoid this 
disaster, let us briefly consider international relations in the world 
today, and start with America. The war v/hich began with Ger- 
many using weapons of unprecedented frightfulness against 
women and children ended with the United States using a su- 
preme weapon killing thousands at one blow. 

Many persons in other countries now look on America with 
great suspicion, not only for the bomb but because they fear 
she will become imperialistic. Before the recent turn in our pol- 
icy I was sometimes not quite free from such fears myself. 

Others might not fear Americans if they knew us as we 
know one another, honest and sober and neighbors. But in other 
countries they know that a sober nation can become drunk with 
victory. If Germany had not won a victory in 1870, what tragedy 
for the human race might have been averted! 

We are still making bombs and the bombs are making hate 
and suspicion. We are keeping secrets and secrets breed distrust. 
I do not say we should now turn the secret of the bomb loose 
in the world, but are we ardently seeking a world in which there 
will be no need for bombs or secrets, a world in which science 
and men will be free^ 

While we distrust Russia’s secrecy and she distrusts ours we 
walk together to certain doom. 

The basic principles of the Acheson-Lilienthal Report are 
scientifically sound and technically ingenious, but as Mr. Baruch 
wisely said, it is a problem not of physics but of ethics. There 
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has been too much emphasis on legalisms and procedure; it is 
easier to denature plutonium than it is to denature the evil spirit 
of man. 

The United Nations is the only instrument we have to work 
with in our struggle to achieve something better. But we have 
used U.N. and U.N. form and procedure to outvote the Russians 
on some occasions when the Russians were right. Yes, I do not 
think it is possible for any nation to be right ail the time or 
wrong all the time In all negotiations, whether over Spain, Ar- 
gentina, Palestine, food or atomic energy, so long as we rely on 
procedure and keep the threat of military power, we are attempt- 
ing to use old methods in a world which is changed forever. 

No one gainsays that the United Nations Organization at 
times gives great evidence of eventually justifying the desperate 
hope that millions have in it. But time is not given to us in 
solving tlie problems science and war have brought. Powerful 
forces in the political world are moving swiftly toward crisis. 
When we look back to the end of the war it does not seem ten 
months — its seems ten years ago I Many leaders express well the 
need for world authority and an eventual world government, but 
actual planning and action to this end have been appallingly 
slow. 

Private organizations anticipate the future, but government 
agencies seem to live in the past. In working away from na- 
tionalism toward a supranationalism, for example, it is obvious 
that the national spirit will survive longer in armies than any- 
where else. This might be tempered in the United Nations mili- 
tary forces by mixing the various units together, but certainly 
not by keeping a Russian unit intact side by side with an intact 
American unit, with the usual interunit competition added to the 
national spirit of the soldiers in this world enforcement army. 
But if the military staffs of the U.N are working out concrete 
proposals along these lines, for a true internationally minded 
force, I have yet to read of it. 

Similarly, we are plagued in the present world councils over 
the question of representation. It does not seem fair to some, 
for example, that each small Latin- American nation should have 
a vote while much larger nations are also limited to one vote. 



104 


THE REFERENCE SHELF 


On the other hand, representation on a population basis may 
seem unfair to the highly developed states, because surely great 
masses of ignorant, backward peoples should not carry as much 
voice in the complicated technology of our world as those with 
greater experience. 

Fremont Rider in an excellent book The Great Dilemma of 
World Orgamzationsy discusses the idea of representation on the 
basis of education and literacy — number of teachers, physicians, 
and so on. Backward nations looking forward to greater power 
in the councils of men would be told, 'To get more votes you 
must earn them." 

These and a hundred other questions concerning the desirable 
evolution of the world seem to be getting very little attention. 
Meanwhile, men high in government propose defense or war 
measures which would not only compel us to live in a universal 
atmosphere of fear, but would cost untold billions of dollars and 
ultimately destroy our American free way of life — even before 
a war. 

To retain even a temporary total security in an age of total 
war, government will have to secure total control. Restrictive 
measures will be required by the necessities of the situation, 
not through the conspiracy of wilful men. Starting with the 
fantastic guardianship now imposed on innocent physics pro- 
fessors, outmoded thinkers will insidiously change men’s lives 
more completely than did Hitler, for the forces behind them will 
be more compelling. 

Before the raid on Hiroshima, leading physicists urged the 
War Department not to use the bomb against defenseless women 
and children. The war could have been won without it. The 
decision was made in consideration of possible future loss of 
American lives — and now we have to consider possible loss in 
future atomic bombings of millions of lives. The American de- 
cision may have been a fatal error, for men accustom themselves 
to thinking a weapon which was used once can be used again. 

Had we shown other nations the test explosion at Alamo- 
gordo, New Mexico, we could have used it as an education for 
new ideas. It would have been an impressive and favorable mo- 
ment to make considered proposals for world order to end war. 
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Our renunciation of this weapon as too terrible to use would 
have carried great weight in negotiations and made convincing 
our sincerity in asking other nations for a binding partnership to 
develop these newly unleashed powers for good. 

The old type of thinking can raise a thousand objections 
of "realism” against this simplicity. But such thought ignores 
the psychological realities. All men fear atomic war. All men 
hope for benefits from these new powers. Between the realities 
of man's true desires and the realities of man’s danger, what are 
the obsolete "realities” of protocol and military protection.^ 

During the war many persons fell out of the habit of doing 
their own thinking, for many had to do simply what they were 
told to do. Today lack of interest would be a great error, for 
there is much the average man can do about this danger. 

This nation held a great debate concerning the menace of 
the Axis, and again today we need a great chain reaction of 
awareness and communication. Current proposals should be dis- 
cussed in the hght of the basic facts, in every newspaper, in 
schools, churches, in town meetings, in private conversations, 
and neighbor to neighbor. Merely reading about the bomb pro- 
motes knowledge in the mind, but only talk between men pro- 
motes feeling in the heart. 

Not even scientists completely understand atomic energy, for 
each man’s knowledge is incomplete. Few men have ever seen 
the bomb. But all men if told a few facts can understand that 
this bomb and the danger of war is a very real thing, and not 
something far away. It directly concerns every person in the 
civilized world. We cannot leave it to generals, senators, and 
diplomats to work out a solution over a period of generations. 
Perhaps five years from now several nations will have made 
bombs and it will be too late to avoid disaster. 

Ignoring the realities of faith, good will and honesty In seek- 
ing a solution, we place too much faith in legalisms, treaties, and 
mechanisms. We must begin through the U. N. Atomic Energy 
Commission to work for binding agreement, but America’s de- 
cision will not be made over a table in the United Nations. Our 
representatives in New York, in Paris, or in Moscow depend 
ultimately on decisions made in the village square. 
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To the village square we must carry the facts of atomic 
energy. From there must come America's voice. 

This belief of physicists promoted our formation of the 
Emergency Committee of Atomic Scientists, with headquarters 
at Princeton, N. J,, to make possible a great national campaign 
for education on these issues, through the National Committee on 
Atomic Information. Detailed planning for world security will be 
easier when negotiators are assured of public understanding of 
our dilemmas. 

Then our American proposals will be not merely documents 
about machinery, the dull, dry statements of a government to 
other governments, but the embodiment of a message to humanity 
from a nation of human beings. 

Science has brought forth this danger, but the real problem 
is in the minds and hearts of men We will not change the 
hearts of other men by mechanisms, but by changing oi£r hearts 
and speaking bravely. 

We must be generous in giving to the world the knowledge 
we have of the forces of nature after establishing safeguards 
against abuse. 

We must be not merely willing but actively eager to sub- 
mit ourselves to binding authority necessary for world security. 

We must realize we cannot simultaneously plan for war and 
peace. 

When we are clear in heart and mind — only then shall we 
find courage to surmount the fear which haunts the world. 


SCIENTIFIC SPIRIT IN INTERNATIONAL RELATIONS ® 

If we turn from the technical aspects of the bomb, to the 
scientific work upon which it rests, we discover vastly greater 
possibilties. The human powers, which have made possible the 
use of atomic energy, have more to contribute to international 
relations than this destructive forces of its first product. The 
scientific spirit, which has achieved such a magnificent triumph 

® By Arnold Dresden, Professor of Mathematics, Swarthmore College. From 
paper presented to the Coafe^ence on Atomic Power and Public Policy, New York, 
NoYcrobsr 1545, 
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in these steps toward the control of atomic energy, has qualities 
whose transplantation in the domain of international relations 
promises far-reaching results. It is through calling attention to 
these qualities, that the bomb may make its greatest contribution. 

Let us then examine briefly some of the essential character* 
istics of the "scientific spirit.” Be it remembered that we are not 
speaking of "scientific method/’ and that the characteristics which 
are to follow belong to "science” in its Widest sense. 

1. A basic element of the scientific spirit is cooperation, 
team work among workers in the same field. The time is long 
past when men held secret the results of their studies. Publica- 
tion of results is now recognized as an essential feature in all 
scientific procedures At international' scientific congresses, re- 
sults of long patient investigations are subjected to the scrutiny 
of colleagues. Insulin, penicillin are suggestive words, around 
which could be grouped heartening instances of this cooperative 
quality in scientific research. The discovery and use of X-rays, 
of computing machines, of radioactivity, of wireless telegraphy, 
of aviation supply abundant illustrations of this aspect of the 
scientific spirit. One of the finest illustrations of this team work 
is perhaps furnished by the story of the researches in nuclear 
physics which made possible the atomic bomb itself. From the 
fundamental work of Einstein, through Hahn and Strassmann in 
Germany (1939), Bohn in Copenhagen, Curie and Joliot in 
France, Termi, Urey, C D Anderson and many others to Op- 
penheimer and his colleagues, there has been a steady forward 
march of the torchbearers — a procession in which humanity 
should take pride and whose high objectives must be guarded 
from the attempts at making them subservient to selfish aims. 
For, it is well to remember that it is the possibility of technical 
applications of scientific discovery and invention which often en- 
dangers the realization of their highest aims; the cooperative pro- 
cedures frequently have to yield to restrictive regulations, to 
secrecy and to patenting limitations. Against these dangers, the 
scientific spirit has to defend itself. 

2. The dominant objective of a scientific worker is the ac- 
quisition of understanding, of insight into the phenomena of 
the field of his interest. To reduce to intelligible order the iso- 
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lated facts that have been observed, to establish causal connections 
between them, to trace the historical development of the con- 
cepts and the methods which the human mind has created, these 
are the purposes which stir his ambition, which animate his hard 
work. It is these motives which bind together the chemist, the 
economist, the astronomer, the anthropologist Central to the 
scientific spirit is this restless desire to inquire into the material 
of human experience, not merely the flow of experience which it 
receives passively, but also the experiences which man sets up 
himself. I may be allowed to observe parenthetically that the 
acquisition of such insight requires the ability and, more im- 
portant, the desire to recognize that relations have direction and 
that they can only be understood by considering them from the 
point of view of all the elements that are involved in them. The 
great nineteenth century German mathematician K. G. J. Jacobi, 
perhaps having in mind the wider applications as well as its spe- 
cial relevance to mathematical analysis, expressed a part of this 
idea in his dictum ‘'Man muss immer umkehren.” 

3. The scientific inventor dying from hunger in his old age, 
is as common a picture as that of the Bohemian artist or the 
garret-inhabiting poet. Perhaps it is an equally fantastic dis- 
tortion of a piece of reality. It is not a misrepresentation of the 
facts, however, to say that the -scientific worker is ready to forego 
personal advantages of a material nature ; that he may reap other 
rewards, those which come through a realization of hopes and 
ambitions — this is quite outside the point. There is no doubt 
that Newton, when concerned with differential calculus, Lavoisier 
with the process of oxidation, Faraday with the laws of electro- 
magnetism, Herz with ether waves, Galvini with the electrical 
current, were not giving more than at most a fleeting thought to 
any personal advantages which might come to them as a result 
of their work. It is a truism that the pursuit of personal advan- 
tage is foreign to the scientific spirit. 

4. The first step in a scientific investigation is to gather as 
completely as we can the facts which may bear on the problem 
in hand. An economist who wishes to inquire into the relation 
of the import trade in woolen goods to the cost of raw cotton, 
will begin by gathering all the information he can concerning 
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the amount and character of the imports of woolen goods over 
as long a period as possible and he will tabulate the prices which 
raw cotton fetched on the market, year by year. Perhaps he 
will find it useful to take into account also the amount of wool 
produced in this country and abroad He will not deliberately 
suppress facts which may conceivably have a bearing on his 
problem, if he wants to avoid being branded as a "fake scien- 
tist," a hireling of this or that special interest He may not suc- 
ceed in discovering all the relevant connections, he may be in 
good faith in omitting some aspects which turn out later to be 
of importance, but he is thorough in his search for the facts on 
which his further study is to be based. 

5. Finally, he presents the facts to himself and to his scien- 
tific audience without distortion, without "interpretation," in as 
far as this is humanly possible. The extent to which he succeeds 
in this may depend on circumstances partly beyond his control, 
upon his sources of information, upon the pK>ssibility of isolating 
the facts from the context in which they occur, upon the com- 
plexity of the "simple facts," He will try to let the facts speak 
for themselves. 

We can perhaps summarize the characteristic attributes of the 
scientific spirit which have been mentioned, in the following key 
words: Team work, renunciation of personal gain, understanding, 
thoroughness in search for basic facts, honest presentation of 
facts. Falling in with the current fashion of mysterious initial 
compounds we obtain the cryptic symbol Truth, 

Let us turn now to a very brief summary of the principles 
which appear to operate in international relations. Being strongly 
aware of my lack of competence in this field, I hope that the 
picture I am presenting is not too gross a caricature. 

1. The most striking feature of this picture is the competi- 
tive spirit. Each nation tries to get the better of other nations. 
This competitive character may take very misleading forms. Pro- 
tectorates, mandates, are too frequently euphemisms for meth- 
ods of control; is a protectorate meant to shield the protected 
group or the protector? It is a rare occurrence when one party 
to an international conflict takes pains to understand the oppo- 
nent’s position as well as its own. There have been brave and 
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honest attempts at establishing international justice. Their ulti- 
mate failure rests perhaps on the fact that they had the wealcness 
of exotic phenomena, that they were started in an unfriendly set- 
ting, that they were not indigenous to the international climate; 
they were reduced to starvation, because the environment did not 
nourish them. 

2. The competitive spirit carries with it the pursuit by each 
nation of its own immediate national advantages without regard 
for the effect upon other nations. The protective tariffs and other 
obstacles to free trade are clear manifestation of this spirit. The 
economic problems of mankind, the problems relating to the 
production and distribution of the world’s goods are looked 
upon by each nation from the point of view of its own interests, 
to the exclusion of that of other nations. But even a nationally 
unified policy is more than has actually been accomplished in 
all but a few nations. The most frequent state is that only a part 
of the national group is represented in a formulation of a na- 
tion’s economic interest. Hence the conflicts between capital and 
labor, between the agricultural interests and the manufacturers. 

3. Each nation considers every other nation as its natural 
opponent. Let me quote once more from Motley’s History of 
the United Netherlands: “Surely, it was no epigram in those days, 
but the simplest statement of commonplace fact, that war was the 
nominal condition of Christians. Alas ! will it be maintained that 
in the two and a half centuries which have since elapsed, the 
world has made much progress in a higher direction? Is there 
yet any appeal among the most civilized nations except to the 
logic of the largest battalions and the eloquence of the biggest 
guns ?” And alas ! we could continue, can we record much prog- 
ress during the seventy-five years -since Motley wrote? In spite 
of peace movements, in spite of pacts of Paris, in spite of courts 
of international justice on which so much hope was pinned, war 
is still the normal, the accepted way of carrying out a national 
policy; the 'expectation, at least the possibility of war, remains a 
permanent consideration in the conduct of international rela- 
tions. To get the advantage of other nations, to steal a march on 
them, in the race for raw materials, for armaments, for strategic 
points, etc., is looked upon as the duty of every foreign office. 
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4. This carries with it that the facts about other nations are 
rarely allowed to speak for themselves. The foreign nation is 
’’interpreted” at home, in the best case by ambassadors, in the 
worst case by spies. Consular servants are expected not only to 
assist their nationals in foreign countries, but also, to show the 
home nation how to use to its advantage the opportunities and 
peculiarities of the foreign nations in which they are stationed. 
The history of foreign countries is presented in each country as 
seen through the distorting medium of national ambition and 
glorification. It would be looked upon as quixotic if the con- 
sular services of difierent countries were to unite their tasks so 
as to secure the most effective production and distribution of 
goods, not for one nation, but for all mankind. It would prob- 
ably be considered subversive if the school children in country A 
were to study the history of their country from books written by 
historians from countries B and C as well as from A, and the 
history of country B from books written by men from D. In 
describing the foreign policy of Spain in the sixteenth and 
seventeenth centuries, Motley writes: ’’To do unto your neighbor 
all possible harm, and to foster the greatness of Spain by sowing 
discord and maintaining civil war in all other countries, was 
the fundamental precept. To bribe and corrupt the servants of 
other potentates, to maintain a regular paid body of adherents 
in foreign lands, ever ready to engage in schemes of assassina- 
tion, conspiracy, sedition and rebellion against the legitimate 
authority, to make mankind miserable, so far as it was in the 
power of human force or craft to produce wretchedness, were 
objects still faithfully pursued.” Does this description have a 
familiar quality? Has foreign policy advanced very far, except 
in isolated bits here and there, beyond these objectives of the 
Spain of Philip II ? 

The war, the desire to hquidate this war and to end war, 
the participation of a large number of scientists in important 
tasks, have brought us to a state of active conflict between these 
principles of international relations and the scientific spirit, with 
which the world is now concerned. It is a conflict of basic prin- 
ciples; it should be clearly recognized as such From my point 
of view, the narrowly nationalistic methods have been placed in 
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a checkmate position from which the statesmen are desperately 
trying to extricate themselves. If the conflict were a game with 
fixed rules, the struggle would be over, the spirit of science 
should become the living spirit in international relations. But 
the rules of this conflict are not fixed, they are adjustable to the 
needs of those in power; and the power seems to be in the 
hands of the statesman. There lies the danger, and the respon- 
sibility of all those for whom scientific spirit means more than 
techniques and gadgets. They must recognize that the great 
accomplishments which the use of atomic energy makes possible 
imposes the obligation to deflect this energy from destructive to 
constructive purposes. They must resist the attempt to drag the 
scientific spirit down to the level of the competitive principles 
which control international relations, to make it subservient to 
nationalists aims. They must, on the contrary, free the relations 
between nations once for all from the control of narrowly con- 
ceived principles, and to extend to the realm of international 
relations the attributes of the scientific spirit. This is a difficult 
task and one might be pardoned for feeling that the struggle 
is lost. 

There is, however, a last hope, and that is a strong one. 
For the ultimate power to change the rules rests not with the 
statesman but with the people. It is possible for the people to 
make the saentific spirit supreme in international relations, to 
let the principles of team work, renunciation of exclusively na- 
tional gain, of understanding the other side, of thoroughness and 
of honesty in the presentation of facts, rule in the dealings be- 
tween nabons, to make the control of atomic energy a blessing to 
mankind instead of the cause of its extinction. Therefore let us 
resolve as follows: We, the people, demand that the scientific 
spirit become the ruling force in international relations. 


MODERN MAN IS OBSOLETE ^ 


However great our reluctance to acknowledge the birth of the 
new age, the fact is that it is already here. What remains to be 

^ By Norman Cousins, Editor, Saturday Review of Literature, From his book 
‘‘Modern Man is Obsolete.*’ p. 17-23. Viking Press. New York. 1945. 
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decided is whether we are going to stand up to it and meet it 
head on, or whether we are going to back into it; whether we 
should fulfill Its responsibilities and develop its promise, or 
whether we should try to circumvent it on the theory that what 
we don’t think about can’t hurt us; whether we should carry on 
atomic research for practical use with the same urgency, the same 
fullness, the same scope and intensity as we have for destructive 
use, or whether we should restrict atomic research to purposes 
of war. 

If these questions are decided affirmatively, then the long 
over-due mobilization of science for man’s needs — ^principally 
health — can and should be promptly started. For the si2^::£i£^e 
opportunity is exceeded only by the size of the neei C^hat a"* 
bitter commentary — not on science but on society itself-^^%a:t-» 
man has pierced the secret of atomic energy but is still baffled by 
the common cold^ Who can tell what advances in medical 
knowledge might accrue to the welfare of mankind if society 
enabled its scientists and doctors to put as much mobilized effort 
into the study of man as there has been of matter ! Cancer, heart 
disease, nephritis, arthritis, leukemia, encephalitis, poliomyleds, 
arteriosclerosis, aplastic anemia — all these are anomalies in the 
modern world ; there is no reason why mobilized research should 
not be directed at their causes and cure Nor is there any reason 
why even old age should not be regarded as a disease to be 
attacked by science in the same intensive fashion. 

Surveying other adjustments he will have to make if he 
chooses the positive course, man must consider himself in re-, 
lation to his individual development. Leisure is a gift given him 
by technology; now he has the limitless opportunities that can 
come with time to think. The trend during the last fifty years 
toward shorter work weeks and shorter hours will not only be 
continued but sharply accelerated. No more than half of each 
week will be spent earning a living. But a revolution is needed 
in man’s leisure-time activities— which so far have come to be 
associated almost entirely with the commodities of vended amuse- 
ment. Once before, the world knew a Golden Age where the 
development of the individual— his mind and his body — ^was 
considered the first law of life, la Greece, it took the form of 
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the revolution of awareness, the emancipation of the intellect 
from the limitations of corroding ignorance and prejudice. 

Once again, if man wills it, he can be in a position to restore 
that first law of life. But he will have to effect a radical trans-^ 
formation in his approach to and philosophy of education, which 
-should prepare him not only for the business of work but for 
the business of living itself. The primary aim should be the 
development of a critical intelligence. The futile war now going 
on in education between specialization and general study must 
be stopped. There need no longer be any conflict between the 
two. The individual will need both — specialization for the re- 
quirements of research, general knowledge for the requirements 
of living. As for the problem of time in which to accomplish 
these dual objectives formalized education until the twenty-fifth 
or thirtieth year is doubtless indicated ; but it should not abruptly 
end there. Education, like the capacity of the mind itself, has no 
rigid boundaries. Unlimited exploration should be the first 
imperative of any educational program. 

One of the liabilities of modern education is that it has con- 
tributed to a dangerous compartmentalization both of knowledge 
and of progress. Dangerous, because what is need-ed today is an 
understanding of the interconnections and interrelationships with- 
in the entire province of organized knowledge. This understand- 
ing can help avoid a tragically compartmentalized approach to 
the building of a new world. Already, man is being offered 
unilateral solutions in terms of economics alone or politics alone 
or ideology alone or science alone or religion alone. But it is 
not Economic Man or Political Man or Ideological Man or Scien- 
tific Man or Religious Man by himself who holds the solution. 
Only the Whole Man is equipped to find and act on whatever 
solution may exist. 

And the Whole Man requires whole education. This does 
not mean that he must become a specialist in every branch of 
the sciences and the arts, nor does it mean that specialization 
must give way to a superficial general study. What it does mean 
is that over and above specialized training there is a vast area 
to be cultivated in making a new science of integration — a science 
built on the interdependence of knowledge. It stands to reason 



THE ATOMIC BOMB 


115 


that if we are living in an interdependent world, we must edu- 
cate for interdependent living. 

We have saved for the last the most crucial aspects of this 
general survey relating to the first course: the transformation or 
adjustment from national man to world man. At present he is 
a world warrior; it is time for him to grow up and to become a 
world citizen. This is not vaporous idealism, but sheer driving 
necessity. It bears directly on the prospects of his own survival. 
He will have to recognize the flat truth that the greatest ob- 
solescence of all in the Atomic Age is national sovereignty. Even 
back in the old-fashioned Rocket Age before August 6, 1945, 
strict national sovereignty was an anomalous hold-over from the 
tribal instinct in nations. If it was anomalous then, it is pre- 
posterous now. 

It is preposterous because we have invested it with non- 
existent powers. We assume that national sovereignty is still the 
same as it always was, that it still offers security and freedom 
of national decision. We assume it still means national inde- 
pendence, the right to get into war or stay out of it. We even 
debate the question of ’’surrendering” some of our sovereignty — 
as though there is still something to surrender. There is noth- 
ing left to surrender. There is only something to gain. A com- 
mon world sovereignty. 

At the heart of sovereignty throughout history there has been 
security based on the advantages of geography or military might. 
For sovereignty has been inseparable from power. But by the 
end of World War I, the validity of national sovereignty had 
sharply changed. The development of air power alone, apart 
from all other aspects of the world's inexorable trend toward 
close interrelationship, outdated traditional concepts of inde- 
pendence among nations. Yet we preferred to believe that there 
was no connection between a world being locked into a single 
piece and its over-all organization. Unfortunately, our unread- 
iness or unwillingness to see this corjnection did not cause the 
connection to disappear. 

So much did this connection exist that it led to World War 
II. Despite six years of that new war, despite jet planes, rocket 
planes, despite the abrupt telescoping of a thousand years of 
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human history in the release of atomic energy, despite the loss 
of millions of lives, still active as though sovereignty can func- 
tion as It did two tliousand years ago. 

Can it be that we do not realize that in an age of atomic 
energy and rocket planes the foundations of tlie old sovereignties 
have been shattered? That no longer is security to be found in 
armies and navies, however large and mighty? That no longer 
IS there security based on size and size alone? That any nation, 
however, small, with atomic energy, is potentially as powerful 
as any other nation, however, large? That in an Atomic Age all 
nations are now directly accessible to each other — for better or 
worse ? That in the erasure of man-made barriers and boundaries 
all the peoples of the world stand virtually unarmed in the 
presence of one another? That they are at the mercy of one 
another, and shall have to devise a common security or suffer a 
common cataclysm? That the only really effective influence be- 
tween peoples is such influence as they are able to exert morally, 
politically, ideologically upon each other? That the use of dis- 
proportionate wealth and abundance of resources by any nation, 
when applied for bargaining purposes, do not constitute influence 
but the type of coercion against which severe reaction is in- 
evitable ? 

All these questions have been in the making for centuries, 
but the triumph over the invisible and mighty atom has given 
them an exactness and an immediacy about which there can be 
no mistake. The need for world government was clear long be- 
fore August 6 , 1945, but Hiroshima and Nagasaki raised that 
need to such dimensions that it can no longer be ignored. And 
in the glare brighter than sunlight produced by the assault on 
the atom, we have all the light we need with which to examine 
this new world that has come into being with such clicking 
abruptness. Thus examined, the old sovereignties are seen for 
what they are — ^vestigial obstructions in the circulatory system of 
the world. 

PLAN OR PERISH® 

The will to use the chance before us is the pre-condition of 
discovering the secret. We have to make great decisions. We 

® By Harold J. Laski, Chairman British Labor Party. Address, Nation Associates' 
forum, December 3, 1945. Nation. 161*650-2. December 15, 1945; Same. 
Commercial and Financial Chronicle. 62*2772-3. December 6, 1945. 
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have to make them on the understanding that the life and death 
of our civilization hang upon the wisdom of our choice; boun- 
daries, frontiers, tariffs, the ignoble imagination which asssociates 
the greatness of a state with the neutral massiveness of its power 
— all these seem mean and petty issues upon which to dispute 
before the central issue is decided. Three men hurriedly im- 
provising a formula in a room screened from the public view 
cannot be accepted by any of us as having the title to decide our 
fate. Not even a commission of eminent specialists acting under 
the authority of the United Nations Organization can have that 
title It is for the common people in every land to share in the 
shaping of their own destiny. If we proceed from any other 
premise than this, the victory is thrown away because the cause 
for which it has been fought is lost 

What follows from this premise^ First, there can be no 
secrecy; if the common people are to decide, the full materials 
for decision must be made known. Secondly, there must be no 
blackmail of the scientist into an enforced silence; those who 
seek to break the international community of scientists and men 
of learning prostitute knowledge to the service of power. Thirdly, 
in the exploration of this new realm of awe-inspiring possibility, 
the claim of private interest to own or control materials or proc- 
esses would be to impose new chains of servitude upon mankind. 
Adam Smith’s "simple system of natural liberty,” now, as I 
gather, in special repute in the United States, is, in this realm, 
the direct road to serfdom. We know the evil and the pain 
which were the price of the first and minor industrial revolution. 
No one can be forgiven who permits its repetition on a far greater 
scale by making the second and major industrial revolution a 
means to a deeper division of society into the few who know all 
the gain of living and the many who know nothing but its toil. 
Let us say explicitly what needs to be said: every implication of 
this discovery means planned internationalism, economic, social, 
political. It IS an international discovery. The planning of its 
application has been international. The organization of its future 
use must be international also. 

There is no nation state fit to be trusted with the development 
of atomic energy. There is no private interest working for profit 
to whom its future could be safely confided. Were this new 
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realm to be controlled by generals or admirals, business men or 
professional administrators, it would become a kingdom of 
despair and not of hope. If anyone here tells me that the world 
is not ready for an international democratic government, there 
are at least two answers of final import. Who is responsible for 
that unreadiness if not the little, grasping plutocracy which has 
for so long made its private gain the chief end of human efifort? 
From Amos and Hosea, through Rousseau and Jefferson, through 
Ruskin and Marx, through Morris and Tolstoy, that has been 
the single verdict of the prophet. Who is prepared to believe 
that this same little grasping plutocracy will undergo now a swift 
change of hearts The evidence is grimly unmistakable that it 
pays to mankind no other homage than the promises it makes in 
times of crisis, which it withdraws when the moment of danger 
is past. 

I know of nothing so decisive as a judgment upon the men 
whose invisible empires have so largely shaped national policies 
as that we should stand in terror before a discovery whose peace- 
ful development promises a future of abundance to mankind. 
We all think of it as a weapon of death. Already every nation 
prepares, through its government, to equip itself with the power 
to hurl death upon its fellow nations. No people seeks that 
power; it is govermnents that seek it. They seek it because we 
live under a system by which the many are exploited by the few, 
and war is the ultimate sanction of that exploitation. War is the 
outcome of the exercise by governments of unlimited sovereignty. 
Unlimited sovereignty is essential to the preservation of those 
legal relations which subdue all human behavior to their service. 
We shall get rid of war as we get rid of those legal relations and 
the evil power politics they involve. We shall not get rid of it 
on any other terms. 

The League of Nations failed because there was lacking the 
will to make it work. The Kellogg Pact failed because, there 
too, that will was lacking. We have seen governments watch with 
indifference the destruction of freedom in country after country 
because they were unwilling to pay the price the social process 
exacts to preserve freedom. I am not proud of the British record 
in the evil years of appeasement; I have a deep sense of guilt 
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when I see the tragic spectacle of Spain. I do not think the 
ordinary citizen of , Great Britain thought that the war was being 
fought to return, under any pretext, the Indonesian peoples to 
the sovereignty of Holland, or to organize the conditions upon 
which an evil social system shall be imposed in the name of law 
and order upon the peoples of Southeastern Europe — ^peoples 
who for the first time since the break-up of the Roman Empire 
.see the faint dawn of hope. And let me add for myself that I 
accept as the acid test of the bona fides of the Labor government 
of Great Britain that it shall not merely declare its desire to see 
a free and self-governing India, but shall organize the conditions 
necessary to the fulfilment of its desire without the wish to delay 
an outcome so clearly inevitable. 

If we want freedom, we must have peace. If we are to have 
peace, it is not enough to will its advent on the formal plane 
of empty desire. W^e must organize the conditions which make 
it to the interest of nation states to put war outside the frame 
of reference within which human impulses operate. That means 
that sovereignty must go; that means, also, that the interests 
which sovereignty protects must be recognized as outmoded in 
character and dangerous in operation. Just as the feudal system 
had to go, so the system by which the business man has made 
the commonwealth an unhappy dependency of the market econ- 
omy has outlived its usefulness. It is clear to any honest observer 
that a society dommated by business men could not be trusted 
to create the mental climate in which the development of atomic 
energy would be confined within the framework of peace. They 
would not give the common people education because they fear 
its outcome. It is the business men who have split our society 
into two, the pohtical society and the economic society. They 
have made the policeman^ the sanction of the first and the threat 
of starvation the sanction of the second. There is only one country 
in the world today where this dichotomy has been transcended. 
There is only one country, also, where science and technology 
can be developed without sacrificing the education of man and 
risking the breakdown of social well-being or community con- 
sciousness. It is significant that only in the new world of Russia 
has the business man ceased to count. It is also significant that 
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one of the major preoccupations of the great vested interests is 
now to keep the "secret" — which is no secret — from the knowl- 
edge of Russia. You know the result — a halt to confidence and 
the rise of ugly suspicion about a third world war 

The first condition of peace is to subordinate a market econ- 
omy to the claims of peace. It would be a bold step to take; the 
alternative is to permit the business man to fix the criteria by 
which the future of atomic discovery is determined. To do that 
in an age of political democracy is to force the contradiction be- 
tween a society depending upon the elevation of human dignity 
and a society depending upon human peonage to develop to the 
point of conflict. The one -searches for new standards of be- 
havior, for a new education, and therefore for an ethics of life 
and not an ethics of death. The other needs that "beneficent 
private war,” the law of the economic jungle, which is afraid of 
the democratization of knowledge, anxious for an ethics of death, 

* eager to make leisure cheap and trivial instead of full and creative. 
It is not accident that our schools and colleges, our universities 
and foundations, even the churches, are the instruments of big 
business. It is not accident that the press is now a branch of big 
business too. It would be madness to let the purposes or the 
methods of private enterprise set the habits of the age of atomic 
energy. For those habits would then, like the habits imposed 
by the men who after 1789 made this world, become the habits 
of the new world. 

We have come to the boundaries of the final dividing line 
between liberalism and socialism. We are choosing between in- 
stitutions which assume that freedoms must be won by the few 
and institutions which assume that they must be planned by the 
many. Either we must have power in the hands of men who use 
scarcity as the means of compulsion, or we must give it to men 
who find abundance is the instrument of freedom. There is no 
middle way Free enterprise and the market economy mean war ; 
sociahsm and planned economy mean peace. We must plan our 
civilization or we must perish. 

I accept the need for the United Nations Organization in the 
first instance to begin the task before us. But I accept it on con- 
ditions, Nq secrecy; no invasion of the internationalism and 
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the public integrity which are the glory of science and learning; 
no subordination of the scientist to that "practical man” who 
thinks It IS wisdom to have habit without philosophy. Let the 
new institution for intellectual advance be given the chance forth- 
with to show that Plato was right when he said that the Minister 
of Education must be more important than the Minister of War. 
Let us show by a New Deal on a scale far wider and far more 
profound even than Franklin Roosevelt's New Deal that poverty 
is a curse of man’s making even though he had the insolence to 
alhrm its necessity by making it the outcome of God’s plan for 
the universe. We in Britain have no more right to be content 
with the slum house and the slum mind than you in the United 
States have the right to evade the fact that you have acquiesced 
for eighty years in degrading twelve million Negroes by force 
and fraud and fear. This is not the time to rest content with a 
temporary plaster upon such deep and open wounds. This is the 
time to begin a new civilisation, based on the freedom which 
comes when men have a map of the complex universe in which 
we live, have the assurance of security, and are no longer driven 
to work by the fear of starvation. Today we are in prisons where 
we have the key to freedom. When are we going to open the 
doors ^ 

Do not believe for one moment that I think our task an easy 
one. But let us honestly face what the task is. We are societies 
haunted by fear and insecurity because we have made death the 
sanction of life and left its operation as a sanction to men who 
exploited its terrors to keep the many poor and ignorant and 
deceived. Now we know that we have reached the point where 
if they continue in power their demands will impose the law of 
the jungle upon us all; they sit there, believe me, in the dark 
at Nuremberg, when we indict men of their kind, we indict the 
same types in every society where democracy is not the participa- 
tion in the processes of government by free atizens who live 
by the sanction of life because they have recognized necessary 
limitations and are thus free from fear. Nazism in all its forms 
is the culmination of a society built upon the anarchy of free 
enterprise; when it subjects man to the economy of the market, 
It destroys his right to be man. That is why we must alter the 
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central principle of our civilization to planned production for 
community consumption. From that central principle alone flow 
the ethical values which can renovate and refresh this dying 
civilization. Without it we shall have done no more than make 
a supreme discovery in the art of social destruction. With it we 
can make a supreme application of a new power to the art of 
social creation. 

We are before a revolution more mighty even than the vast 
change which came with the reorientation of men’s minds eflFected 
by the scientific discoveries of Copernicus and Kepler. These re- 
quired a new society and a new culture. They were obtained, 
but they were obtained by the degradation of the mass of man- 
kind. Now we too require a new society and a new culture, this 
time a democratic culture in a free society. That prospect arouses 
fear and distrust in that middle class whose triumph was slowly 
achieved in the three hundred years after 1600. Now they want 
to arrest the dynamic of history at the point where their triumph 
is crumbling into decay. They cannot succeed and they ought not 
to succeed Their day is over. Their thought is bankrupt, their 
ethical values are obsolete, their dogma is an angry anachronism. 
A new social philosophy is necessary for a new world Let us 
admit it can be born only of a new social order. 

Do you ask why? In the deep tempest of the Civil War Lin- 
coln gave the answer. "The dogmas of the quiet past are in- 
adequate to the stormy present. The occasion is piled high with 
difficulty, and we must rise with the occasion. As our case is 
new, so we must think anew and act anew. We must disenthrall 
ourselves.” We must disenthrall ourselves; I venture to repeat 
those words In no other fashion can we face this challenge with 
the proud confidence of free men. 


EXCERPTS 

There is another facet of the world situation which this 
scientific and technical development has brought to the forefront, 
namely, the immense responsibility now placed in the hands of 
those with exact knowledge of the steps necessary to release- 
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atomic energy. It has been stated that adequate measures have 
been taken to secure patents on all vital processes, and all rights 
in such patents have been assigned to the governments con- 
cerned. At present, this must mean that the United Nations, and 
especially Great Britain, the United States and Canada, hold in 
their hands a weapon with which they can dominate the world — 
a responsibihty the discharge of which will require the highest 
degree of statesmanship. They also hold a potential source of 
power capable of contributing immensely to the welfare and 
material progress of mankind — a further and even greater re- 
sponsibihty. How will they use it? Governments are notoriously 
impersonal, and they come and go. It therefore devolves upon 
the individual, be he man of science or layman, to understand 
the potentialities of atomic energy, even if he comprehends little 
of the method of its release; and to insure that his elected rep- 
resentatives, from whom his government is chosen, are also aware 
of their responsibilities in the matter. It is not a matter of exact 
knowledge so much as an appreciation of right and wrong in 
dealing with our neighbors, who are now every nation of the 
world ; indeed, the alternatives would seem to be an international 
brotherhood of nations or chaos. There can be no question of 
halting investigations until mankind is fitter to receive them; if 
material research has outstripped the progress of knowledge of 
man, then the tempo of investigation of man as a social being 
must be increased until both can progress, side by side, carrying 
man onwards to the higher ideals of life for which the best of 
each generation are always striving . — ” Atomic Energy: an Inter- 
national Responsibility/^ Nature. Ag. 11, *45. p. 154. Macmil- 
lan & Co, London. 

World cooperation depends in the long run on the informa- 
tion, ideas and attitudes of individual men everywhere. The 
United States should invite other nations to join with it in a 
crusade of education, domestic and international, and on all 
levels — ^through schools, colleges, churches, adult education, 
and publicity channels. The purpose of this crusade should 
be to promote mutual understanding and friendship among 
peoples, to persuade men that despite differences of belief and 
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institutions they can be united through awareness of common 
frailties and aspirations; to insist that discipline of the emo- 
tions in the exercise of moral choice is an inescapable human 
responsibility; and to demonstrate that in an atomic age the 
making of a cooperative and peaceful world is not merely moral 
idealism, it is practical politics and essential for survival. . . . 

The atomic bomb has shattered more than things physical. 
Its impact reverberates not only in science but in politics and 
economics and morals. It has compelled the scientist to plead 
loudest for the benison of religion and the guidance of the 
social sciences, and summoned the philosopher to meet an issue 
where abstraction will not suffice. The bomb has exploded any 
illusion that one department of knowledge can safely be culti- 
vated in isolation, and thrown into startling relief the failure of 
man’s moral conscience and social intelligence to keep pace with 
the giant stride of his science and technology . — Colgate Univer- 
sity, Atomic Energy: the Alternatives Before Us; Recommenda- 
tions Adopted by the Faculty” ’45. p. {3]. 

The atomic bomb is a thousand years ahead of the San 
Francisco Charter. If it forces mere stalemate between the na- 
tions, if it only freezes, in a numb and fearful truce, the ag- 
gregations of power, this terrible, wonderful new strength will 
jSnally break all that it builds, all that has been built, all that 
could be used for building. It is gift or curse, according to 
the use it finds Gift, if the stuff imprisoned in the bomb is 
liberated for the service of humanity. Gift, if it helps all the 
peoples to full creative living. Then surely, it is the final, valid 
currency of peace. But if it buys no more than an armistice be- 
tween push buttons, it is the curse of Cain, and we have come 
this far only to dance in flames. 

The atomic bomb calls for a new charter, for a new confer- 
ence. For decisions reached audaciously to match the audacity 
of the bomb itself It makes a fresh demand for courage, and 
an end of compromise and cowardice. 

The alternative to Chaos is grander than all dreams, and we 
are greater than our dreams. 
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We, the living, are the ancestors of a people who will be, 
truly, men like Gods. We will not fail them. 

Among all creatures the human has the marvelous bent for 
the art of survival. The universe is none too big for him. 

Man is no puny thing He is greater than all his tools. He 
burned himself with the first fire, but there came a day when he 
built a forge, and made a plow. 

Today man turns the key in the last padlock of power. To- 
morrow he wiU be worthy of his freedom. — Orson Welles, 
Actor, Radio and Theatrical Producer. In 1938 Mr. Welles 
gave his famous Martian invasion broadcast, an adaptation of 
H. G. Wells ^rhe and the Worlds.^’ Free World. S. 
'45. /?. 28-9. 

No one is to be trusted with power. That is the lesson. The 
only possible alternative to the self-annihilation of civilization 
is the transformation of civilization into a pattern of relation- 
ships in which no man can rule another, but all are ruled by all. 
The sovereignty of the people can alone protect the people. 
We call it democracy, but we have ngt learned its ways. It was 
once an ideal. It is now a necessity. There is no alternative. 

I am not speaking of a national form of government. I am 
speaking of the basic structure of human relations — ^planetary 
relations. Nothing but allegiance to the cause of all mankind 
by all mankind can save us now But this is not primarily a 
political problem It is primarily an educational problem. . . . 

We have dreamed of man freed from bondage to man. 
We have dreamed of man freed from bondage to those ways 
that have hemmed in his mind and hampered the full use of 
his powers. We have dreamed of man awakened to the vision 
of a commonwealth of humanity and disciplined to loyalty to 
the good of all If we could only awake from this dream and 
see the abyss before our feet we could use our knowledge to 
make the dream come true. This is all there is to set against the 
bomb: another dream, to be realized by a devotion which will 
match the devotion of the scientist and the fanaticism of the 
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nationalist or the ecclesiastic . — Hugh Harts hornet Ke search As- 
sociate in Keligion^ Yale University. **Frometheus Unbound.^* 
Religious Education. Ja.-F. *46. p. 5. 

One of the most important contradictions to be recognized 
in the new technic of atomic energy is revealed when it is ex- 
amined as a resource. Atomic energy as a resource includes 
not only the mineral resources and the stockpiles of strategic 
materials that are or may become essential to the technic, not 
only the industrial plant and equipment already constructed 
and representing an investment of public funds, but also the 
unpredictable achievements of future research still to be or- 
ganized along the whole frontier of the periodic array of the 
chemical elements. The material, industrial, and further-basic- 
research aspects of this resource present a particularly difficult 
problem to politicians with their largely irrelevant credentials 
for filling offices of public responsibihty in this science-centered 
culture-in-crisis. They do not as yet understand how to achieve 
the necessary measure of social control over the new technic 
without fatally shackling the most significant component in the 
technic, the basic research still to be organized and released. 

How the resource character of research was recognized by 
the one-time National Resources Committee can be learned from 
an examination of the following excerpts from their preliminary 
report to the President: 

Research is a national resource which can not be measured in 
terms of money or amount. The quality of research, the faalities for it, 
the atmosphere in which it is undertaken, and the supply of research 
workers must be conserved and developed like other resources. Upon 
the experience and facts developed by research, we base our planning 
and our policies in government, industry, business, education, and in 
our personal lives. 

Research is one of the nation's very greatest resources. 

Sharing this conviction, President Roosevelt wrote to Van- 
nevar Bush, Director of the Office of Scientific Research and 
Development, established as a war agency, a letter which said, 
in part: 

The office of Scientific Research and Development . . . represents 
a nntnnp nf teamwork and cooneration and coordinatinfi- sci- 
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entific research and in applying existing scientific knowledge to the 
solution of technical problems paramount in war. . . . 

There is, however, no reason why the lessons to be found in this 
experiment can not be profitably employed in times of peace . . . for 
the improvement of the national health, the creation of new enterprises 
bringing new jobs, and the betterment of the national standard of living. 

— Social Control of Atomic Energy, by Oliver S, Loud, Depart’ 
ment of Physical Sciences, Antioch College, Antioch Review. 
D. *45, p. 315-16. 

Recently the proposal has been made that the scientists them- 
selves come together from all lands to form a world association 
of physicists who will agree among themselves, as scientists, with 
a full awareness of their unique position, to keep the peace by 
refusing to lend their knowledge to the making of atomic bombs. 

If the scientists who, by profession and tradition, are dedi- 
cated to disinterested, impersonal research, and who have long 
accepted the mternationality of science, will accept this profes- 
sional responsibility, then we can begin to arraign all the others 
who are irresponsible in their several fields — ^the political leaders 
and legislators, newspaper owners and columnists, and com- 
mentators; the international manipulators of economic affairs, 
the cartelists; indeed, all those who are now privileged, as in- 
dividuals and in groups, to provoke and to contrive war and 
otherwise to disturb peace. 

No nation, as Edmund Burke told us, can be indicted, but 
we can and must fix responsibility upon the individuals who, 
in positions of power and authority — military, naval, economic, 
and financial (and now scientific) — are the active principals and 
directors of the national, monolithic, aggressive state. If there 
is to be atomic warfare, it will come by the plans and decisions 
of specific individuals who have deliberately calculated their 
preparation and use upon specific targets. If we will accept the 
principle of accountability, these can be identified and legall 7 
tried and convicted for their individual and joint acts, just as 
the leaders of a mob can be tried and convicted for arousing 
and directing mob action. A firm declaration of this policy 
and application of this rule may offer what the many paper 
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schemes of control and inspection are vainly seeking to achieve 
for controlling atomic bombs 

Curbing these irresponsibles is not a revolutionary act. It is 
the continuation of our legal traditions which, over the centuries, 
have recognized the principle of accountability for actions in- 
jurious to others. Just as in the early days of Anglo-Saxon 
jurisprudence the principle of individual accountability had to 
be wrought out and then painfully established, to replace the 
ancient doctrine of group responsibility, so today we face an 
equally momentous step, of fixing responsibility upon individuals 
for the disturbance of peace and world order Today we can 
now assert and prove that these specific individuals, with intent, 
plotted and planned the war in which they used their nation and 
its sovereignty for deliberate aggression 

If we can make this clear, perhaps we can enlist the men 
and women of good will the world over in supporting this first 
concrete action for establishing the responsible conduct neces- 
sary for world order, the indispensable condition for the efiFective 
operation of the United Nations Organization or any world 
state . — Lawrence K. Frank, Chairman, Committee on Science 
aitd Society, American Association for the Advancement of Sci- 
ence, Director, Caroline Zachry Institute of Human Develop- 
ment. Science. Mr. 22, ’46. p. 350-1. 

So far I have considered this bomb from the point of view 
of maximum danger — the total rum of the high civilization 
which we have inherited from our ancestors and which we have 
defended at terrible cost in two recent wars. Assuming that 
we avoid bringing such a catastrophe on ourselves, there are 
other problems upon which it would be wise for us to reflect. 
There is, for example, the bearing of this invention upon the 
future of political liberty as we understand it: liberty to criticize 
authority, to choose our avocations and mode of livelihood, to 
change our laws and institutions. Whether it remains for years 
to come only a potential source of destruction or whether it can 
be turned to peaceful ends, this new source of energy must 
remain under state control and therefore must increase enor- 
mously the power of the state over the citizen. Hitherto, a 
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great increase in state power has rarely made for liberty of any 
kind. This fact is perhaps blurred today. For large masses 
of the population much of the content of political liberty in 
the past has been theoretical only, since in fact they have been 
under economic constraints and fears which have prevented the 
enjoyment of freedom in a large sense. Hence for the average 
man today an increase of state power has actually meant an in- 
crease in liberty and has brought with it a sense of emancipation. 
If past history (which the average man does not know) is of any 
guidance, this interim' stage is unlikely to last very long. It 
therefore becomes of first importance to us to avoid the hne of 
development which has been followed so often in human so- 
cieties where the tendency has been to return from contract back 
to status after advancing from status to contract. This question 
is of greater significance now because every new instrument of 
force under state control lessens the chances of successful revolu- 
tion — ^the last safeguard against perpetual tyranny. The inven- 
tion of railways, allowing a rapid concentration of troops, even 
more than the building of wide roads broke the localized power 
of the Paris mob in the nineteenth century. In the twentieth 
century the machine-gun, the armored car, the aeroplane, and 
the tank in the control of authority have destroyed the possibility 
of any revolution which is not 100 per cent totalitarian (and 
therefore unlikely to favor liberty) or does not, as recently in 
Spain, develop into a fearful civil war. Even so the success of 
the Spanish revolution, and for that matter of the three major 
revolutions of our time, in Russia, Italy, and Germany, was due 
to special circumstances unlikely to recur. We might do well 
to think over this matter and to ask ourselves what domestic 
safeguards, if any, may be available to us against the misuse of 
this tremendous concentration of power henceforth in the hands 
of the state. — E. L. Woodward, Montague Burton Professor of 
International Relations in the University of Oxford. ^'Some 
Political Consequences of the Atomic Bomb.^^ Oxford Univer- 
sity Press. New York and London. '46. p. 27-9. 

Today when the malevolent possibilities of the atomic bomb 
have been made clear as a bell to hundreds of millions all over 
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the world, nations of good will are in a position to close ranks 
once more. To be successful in any large way we must have just 
as clear an objective as we had before. It lies ready to hand 
in an energetic and world-wide attack on poverty — ^poverty sym- 
bolized at first by the need for food, clothing and shelter, but 
ultimately recognized as a blight gnawing at the mind and soul 
and unity of mankind. Under modern conditions of rising edu- 
cational standards and a close-binding system of communications 
there can be no perpetuity in a civihzation part prosperous and 
part degraded beyond belief. 

We act in scientific management on the assumption that a 
factory which is say 50 per cent efficient throughout its several 
departments rests on a better organizational basis than one where 
some of the units rate only 25 per cent and others 75 per cent. 
So in out reorganization work looking toward improving the 
over-all well-being of an industrial plant, we seek to improve 
first those units having the lowest rating In looking over the 
map of the world the areas are fairly well known where human 
suffering due to poverty is at a maximum. But the techniques 
for poverty abatement are not known — have hardly been studied 
with human welfare as the dominant incentive. If just a few 
nations would throw together in a common pool a group of 
colonial "’possessions” or parts thereof, not necessarily perma- 
nently, and then announce the appointment of a general staff 
to work toward the improvement of the standard of living and 
the ultimate abatement of poverty in those areas, a great thrill 
would sweep the world — such a thrill as would drown out the 
fears of mankind born of the atomic bomb. Given the right 
conditions, certain areas in Latin America might be included. 

One does not have to go into the detail of the composition 
of such a general staff. Nutritionists, engineers, economists, soil 
and water conservationists and businessmen would be included. 
The only qualification after demonstrated experience and com- 
petence would be a conviction on the part of the appointees 
that there was a job to be done and one that could be done. 
Obviously, the general staff would have to be given a fairly free 
hand. The operational expenses connected with such a scheme 
would be relatively small. Such capital outlays as may be found 
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desirable would be forthcoming through the agencies already 
provided for in the Bretton Woods and United Nations Ox^ 
ganization agreements. Perhaps a demonstration made in this 
area, and under great difficulties recognized in advance, might 
afford an illustration of what government by experts untram- 
meled by the seamy side of politics and diplomacy might mean 
in the life of man on this earth The philosophy and practices 
inherent in this type of human reclamation work carried on in 
the islands of the Pacific, over vast areas in Africa and the Far 
East, might easily so commend themselves to our own people 
as to sound the doom of peonage, share-cropping and industrial 
slums here at home. 

I would gladly refrain m this connection from mentioning 
any special interest but the pillars in the house of free enterprise 
should be reminded that, insofar as the standards of living 
among backward peoples can be raised, it means more business 
for those '*at home,'’ whether this be Great Britain, Russia, 
France, US. A. or any other industrialized nation — Morris L. 
Cooke, Consulting Engineer, Address to the Conference on 
Atomic Potoer and Public Policy. November 17, 1945. Standard, 
fa. '46. p. 94. 

Walter Lippmann has been particularly perceptive in his 
observations on certain current developments. He has pointed 
out that with the Nuremburg trials we have, for the first time in 
history, the attempt to apply effective international law to in- 
dividual conduct. In the past, international law has always been 
an affair involving the relations of states; and because of their 
maintenance of their sovereign power, there has been no way of 
enforcing this so-called law if the parties to the agreements chose 
not to enforce them. But in this situation, following the lead of 
Supreme Court Justice Robert Jackson, we have taken the position 
that those guilty of waging aggressive warfare in violation of 
existing international agreements are personally guilty and per- 
sonally liable. The application of international law to individual 
human beings is a new thing in the world. And its successful 
development can not be over-estimated. For it has been said 
time and again that no world organization of any strength or 
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promise can be developed unless the people themselves feel a 
direct tie to it and a direct stake in its success. The more a cor- 
pus of law is developed among the nations which affects indi- 
viduals, therefore, the more their feeling personal involvement 
will give security to international organization. 

This has a great deal to do as well with international control 
of atomic energy. If agreements or understandings or laws hav- 
ing to do with this control are clearly stated to apply not merely 
to nations but to individuals, the possibilities of successful inter- 
national inspection and enforcement are greatly enhanced. To 
be sure, we cannot say with any certainty that such a system will 
work. There can be no guarantees in the nature of the case. But 
in taking our chances in a world of chance, there is a great 
advantage in knowing that we are taking them in the direction of 
what we believe to be right. For us to take our chances on in- 
creasing military power in this country is dead wrong. And if 
we have our wits about us we can never permit it to happen. 
On the other hand, to take our chances on building a world or- 
ganization that will increase the cooperation of nations, and more 
importantly, of peoples, is at least to attempt to get our sense of 
right into the practical situation. It is to give an inner and an 
ethical sanction to what we are trying to do. From this point of 
view, the problem of our sharing the secret of the atomic bomb 
becomes a matter of secondary importance. If we put our trust 
in an international organization with power, and if it is that 
international organization’s agency which has control over atomic 
energy, then it will be up to the Soviet Union to decide whether 
or not it means to go along with such a set-up. It will be up to 
the Russian people to determine whether or not they are to be 
part of this kmily of nations with free inspection systems, and 
with free exchange of information. If their answer is in the 
affirmative, the problem becomes relatively simple. If their 
answer is in the negative, theq even though major and extremely 
difficult problems will still confront us — such as the problem of 
what attitude and relations an international organization are tp 
maintain toward the Soviet Union — ^we have the security of 
knowing that at least we are attempting to solve those problems 
down the line of what we can honestly say is right. 
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To do all this means that we have begun to move along the 
line of intelligent, mature, and cooperative planning. For all the 
dire warnings that have been issued to us about the dangers of 
planning, it is obvious that it is indispensable for individuals and 
for groups or nations insofar as they try to live intelligently. I 
mention this because in all tire furor about what we should do 
in relation to atomic energy, there is a great inspiration which 
has been completely overlooked. The inspiration lies in the fact 
that for the first time in history, a new source of energy has been 
tapped and people have been trying to think out in advance some 
of Its implications, and what might be done with it for human 
good. For the first time in history, people have tried to plan the 
development of something basic. If we look back over the years 
and ask ourselves what the world might have been like if we had 
ever taken such an approach to the history of coal when its possi- 
bilities were first discovered, or to the usage of oil or electricity, 
we can see some of the reach of this present activity. In the long 
run it may prove to be of far greater significance than any specific 
decisions which may be reached about present problems. 

Anyone would be a fool to deny that the atomic bomb and 
atomic energy are of major importance, "^at happens to them 
will of course be a large part of what happens^ to us. But how- 
ever large that part is, it is still only a part, and will only partially 
determine what our future and the futures of our children are to 
be. The future will really depend upon the way in which we 
deal with this problem of atomic energy, and with all other 
problems. The attempt to think out solutions in advance, do- 
mestically and internationally, the attempt to deal inteUigently 
and cooperatively with such a problem as this, is our greatest 
hope. And for all the difficulty of the specific problems con- 
fronting us, we should never lose sight of the fact that as we 
now engage in this attempt at mature planning, we are living 
through one of the most significant and inspiring periods in all 
human history . — Jerome Nathansorij Leader of the New York 
Society for Ethical Culture. Atomic Power and Public Policy. 
Address, April 7, 1946 mim. p. 8-9. 




CONTROL; NATIONAL AND 
INTERNATIONAL 

ATOMIC ENERGY AND AMERICAN POLICY ^ 

\On August 6 , 1945, when the first atomic bomb was dropped 
on Japan, President Truman and Secretary of War Stimson both 
issued statements describing what had been done and revealing 
the fact that throughout all the years of war there had been a 
mobilization of science, industry, and military management, the 
real purpose of which had been kept secret from all but a few 
leadefs:^^ This announcement, and the story of the successful 
experiment in the New Mexico desert coming at the same time 
with the news from Japan of the dropping of the bomb on Hiro- 
shima, furnished the greatest single item of news in the world’s 
history. 

Both statements showed that the government was aware of 
the revolutionary nature of the event, and both dealt with the 
need for future provision by the government "to control the 
production and use of atomic power within the United States, 
and also to work out methods for international control." The 
documents themselves measured up to the epoch-making nature 
of the subject with which they dealt. Few state papers of any 
government in modern times can surpass them in human interest 
and in graphic power of presentation. It is not revealing secrets 
to comment upon the fact that the scientists themselves who di- 
rected the great experiment, also contributed to the description 
of it and the need for adequate control of atomic energy 

President Truman’s statement referred only in general terms 
to the policy of the United States Government with refefence to 
future control of atomic energy. The second part of the docu- 
ment in question read as follows : 

^ By James T. Shotwell, Bryce Professor Emeritus of History of International 
Relations, Columbia Universitjr, Director, Division of Economics and History, 
Carnegie Endowment for International Peace International Conciliation. 4 16. 
751-8 December 1945. 
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It has never been the habit of the scientists of this country or the 
policy of this government to withhold from the world scientific knowl- 
edge. Normally, therefore, everything about the work with atomic 
energy would be made public. But under present circumstances it is 
not intended to divulge the terminal processes of production or all the 
military applications, pending further examination of possible methods 
of protecting us and the rest of the world from the danger of sudden 
destruction. 

I shall recommend that the Congress of the United States consider 
promptly the establishment of an appropriate commission to control the 
production and use of atomic power within the United States. I shall 
give further consideration and make further recommendations to the 
Congress as to how atomic power can become a powerful and forceful 
influence toward the maintenance of world peace. 

President Truman left it to Secretary Stimson to announce, in 
connection with his description of the method of control hitherto 
employed, the steps which had already been taken to prepare for 
the problem of future control. An interim committee, drawn 
largely from the Office of Scientiiic Research and Development, 
was appointed to consider the uses of atomic energy in both war 
and peace and to prepare proposals for legislation and policy. 
The Committee was to m^e recommendations directly to the 
President with reference to both national and international con- 
trol in the whole field of atomic energy, research, and develop- 
ment. Nothing was heard of the work of this Committee in the 
succeeding weeks and months because it worked with the secrecy 
which had attended the activities of wartime. Nevertheless it un- 
doubtedly was consulted by both the President and the War 
Department as they prepared to lay the matter before Congress. 

On October 3, President Truman sent his message to Congress 
calling upon it to enact legislation "to fix a policy with respect 
to our existing plants and to control all sources of atomic energy 
and all activities connected with its development and use in the 
United States." This sweeping directive was further elaborated 
in the course of the short but epochal message of the President. 
Congress was properly enough made responsible for defining the 
system of control for domestic purposes. An atomic energy com- 
mission should be set up with members appointed by the Presi- 
dent 'with the advice and consent of the Senate with exceedingly 
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wide powers of investigation and control of the ’use of atomic 
energy for military, industrial, scientific, or medical purposes/* 

International arrangements lie properly within the sphere of 
the executive, and therefore the President’s statement to Congress 
in that regard was in very general terms. Nevertheless, one can 
already detect in the statement the outlines of subsequent policy. 
’’The hope of civilization lies in international arrangements look- 
ing, if possible, to the renunciation of the use and development of 
the atomic bomb, and directing and encouraging the use of atomic 
energy and all future scientific information toward peaceful and 
humanitarian ends ” In view of the difficulties in working out 
such arrangements, the President said that ’’discussion of the in- 
ternational problem cannot safely be delayed until the United 
Nations organization is functioning and in a position adequately 
to deal with it.” He announced that there would be discussions 
in the first place with Great Britain and Canada but that these 
discussions (limited to those with Great Britain and Canada) 
would not be concerned with disclosures relating to the manu- 
facturing processes but would ’’constitute an efiFort to work out 
arrangements covering the terms under which international col- 
laboration and exchange of scientific information might safely 
proceed.” 

After Congress had met, a bill known as the May-Johnson 
Bill, was introduced into the House of Representatives by its 
Military Committee to provide for the domestic control of all 
matters relating to research and production in the field of atomic 
energy. This bill was drafted with the primary aim of preventing 
any leak of information concerning the work of either scientists 
or industrialists, thus continuing to a large extent the security 
precautions of wartime. It was immediately attacked by nearly all 
the scientists who had had any share in the making of the atomic 
bomb. They formed organizations at the laboratory centers which 
ultimately grew to include a thousand members, and their op- 
position to the strict censorship and security control which the 
army had insisted upon was effective in changing the text of the 
bill. 

Meanwhile the Senators had not been idle. Senator Brien 
McMahon introduced a bill providing for both domestic and in- 



138 


THE REFERENCE SHELF 


ternational control. There should be a Board at Cabinet level 
‘‘to develop, control, and supervise the use and application of 
atomic energy, and material, articles, and commodities derived, 
obtained, or produced, or manufactured thereby, and to conduct 
experimentation in that field The Board was also to furnish 
the link with the Security Council of the United Nations. Article 
Six of the Bill, which dealt with this vital question, read as fol- 
lows: 

The Board is authori 2 ed to empower the representatives of the 
United States to the Security Council of the United Nations to enter 
into agreements with the Security Council by which the United States 
shall license the Security Counal to sponsor, undertake, and conduct 
experimentation, research, and studies m the production, use, and appli- 
cation of atomic energy, or shall undertake to furnish to authorized 
representatives of the Security Counal information concerning the pro- 
duction, use, and application of atomic energy on such terms and con- 
ditions as the Board shall presaibe In addition to such other terms 
and conditions as the Board deems wise, any such agreement or under- 
takmg shall provide that all other Members of the United Nations shall 
turn over and make available to the Security Council all information 
of whatsoever kind possessed by them concerning research and develop- 
ment in the field of armament and munitions of war, and that repre- 
sentatives of the Security Council shall be authonzed to have access to 
and inspect all plants, laboratories, and operations of whatsoever kind 
relating to research, development, manufacture, and production of 
armament and munitions of war. Any agreement entered into pursuant 
to the provisions of this section shall be reported to the Congress by 
the President and shall not become effective until approved by an act 
of Congress — (S. 1359, section 6 ). 

An important initial question arose as to which Committee 
of the Senate should undertake the preparation of appropriate 
legislation of this character. After discussion it was agreed that 
none of the standing committees of the Senate had been designed 
to cover so wide a field which included not only the interna- 
tional aspects of security but the whole problem of domestic 
control. Senator Vandenberg had previously made this point 
with especial emphasis in the earlier phases of the discussion. 
Finally it was decided to create a Special Committee on Atomic 
Energy, and Senator McMahon was chosen to be Chairman of it 
This Committee, which will therefore have the leadership in 
the shaping of legislation in the Senate, started its work by a 
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procedure which is unique in the history of Congress. Its mem- 
bers literally went to school to the scientists to acquire authori- 
tative basic knowledge of the fundamentals of the problems of 
atomic energy. It is a procedure to be commended and it is to 
be hoped it may furnish a precedent for other subsequent de- 
velopments in the adaptation of national policy to the exigencies 
of science. 

In this connection it is interesting to see that the British Gov- 
ernment has taken steps similar to those proposed in Wash- 
ington, by 'setting up an advisory committee on atomic energy 
under the chairmanship of Sir John Anderson, the Member of 
Parhament for the Scottish Universities. This advisory com- 
mittee, according to a statement of Prime Minister Attlee on 
October 30, recommended the establishment of a research and 
experimental establishment station covering all aspects of the 
use of atomic energy. The government immediately acted upon 
this proposal and set up an establishment at Harwell airfield 
near Oxford. It was further decided, in view of the importance 
of this work to the Service Departments, to transfer the respon- 
sibility for research from the Department of Scientific and In- 
dustrial Research, on which the scientists have been at work, 
to the Ministry of Supply, with a representation of scientists 
on both the advisory committee and its technical subcommittees. 

On October 27, President Truman laid down the funda- 
mentals of our foreign policy in the Twelve Points of his Navy 
Day speech. Contrary to popular impression, this speech did 
not deal with the ultimate disposition of the "secret” of the 
atomic bomb. The President himself emphasized the fact that 
he was merely repeating what he had already said in his mes- 
sage to Congress when he announced that the United States 
would discuss the atomic bomb with Great Britain and Canada 
and later with other nations, but then went on to say that these 
discussions would not be concerned with the processes of manu- 
facturing the atomic bomb or any other instruments of war. 
It was in this connection, with reference to the delay in any final 
disposition of the "secret,” that the President referred to it as a 
"sacred trust” of the United States. The passage in which this 
phrase occurred is one which was undoubtedly designed to pre- 
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vent any misunderstanding or apprehension as to the purposes 
of the United States, which are those of world peace. '‘Because 
of our love of peace, the thoughtful people of the world know 
that that trust will not be violated, that it will be faithfully 
executed.” Unfortunately the realists in other nations have not 
been completely reassured by this statement, which in the eyes 
of its critics was taken to imply an unwillingness to cooperate 
in the greatest single test which could ever be made of the 
world-wide reduction of armaments. On the other hand, it 
must be evident that the President did not say that the United 
States was going to keep the secret indefinitely, an impossibility 
in any case, but was dealing only with the period of transition 
between present conditions and those when there could be ade- 
quate safeguards by international organization. 

The next document came from Moscow. Foreign Commissar 
Molotov's speech on November 6 dealt mainly with Russia's 
domestic problems in the unsettled postwar world. There were 
two references, however, to atomic energy, one in connection 
with its use for security and the other with reference to the 
progress of technology. These two references are separated by 
fully half of the text of the long address. As they are the only 
oiEcial statements we have yet had from Soviet Russia, the text 
of the two references should be kept in mind in connection with 
our own problem. 

The first reference, that bearing upon the problems of securi- 
ty, occurs in connection with a warning against a race in arma- 
ments which would result from a return to the discredited Bal- 
ance of Power policy. There is also a reminder that Moscow 
has a clear memory of past blocs formed against it, although 
that history is not referred to in detail. The extract runs as 
follows: 

la this connection, a word must be said about the discovery of 
atomic energy and about the atomic bomb, the colossal destructive force 
of which was displayed in the war against Japan. 

Atomic energy has not yet been tried, however, for averting ag- 
gression or safeguarding peace. But it is not possible at the present 
time for a technical seaet of any great she to remain the exclusive pos- 
session of some one country or some narrow circle of countries. 
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This being so, the discovery of atomic energy should not encourage 
either a propensity to exploit the discovery in the play of forces in 
international policy or an attitude of complacency as regards the future 
of the peace-loving nations. 

A good deal of noise is also being made about the formation of 
blocs or groups of states as an end of particular foreign policy interests. 
The Soviet Union has never joined groups of powers directed against 
other peaceable states. 

In the West, however, attempts of this kind have been made, as is 
generally known, more than once The anti-Soviet nature of certain 
such groups m the past is equally well known. In any case, the history 
of blocs and groups of the western powers indicates that they do not 
tend to bridle aggressors, but on the contrary to encourage aggression, 
particularly on the part of Germany 

Hence there must be no relaxation in the vigilance of the Soviet 
Union and other peaceful states on this score. The restoration of world 
peace has by no means led, and could not have led, to a restoration of 
the prewar position in international relations. 

The second reference to atomic energy in Commissar Molo- 
tov’s address comes at the close when he turns from the prob- 
lems of security to those of welfare. It should not escape our 
attention that this is the one section of the address in which 
there is a definite statement of what Soviet Russia intends to do. 
That statement is confined to the productive economic uses of 
atomic energy for peaceful purposes: 

In our days of advance technology and extended employment of sci- 
ence in production where it has become possible to harness atomic 
energy and other great technical discovenes, attention in economic plan- 
ning must be focused on problems of technology, on the problem of 
raising the technological power of our industry and training highly 
skilled technological trainers. We must keep level with the achievements 
of present-day world technology in all branches of industry and eco- 
nomic life and provide conditions for the utmost advance of Soviet 
science and technology. 

The enemy interrupted our peaceful creative endeavor, but we shall 
make up properly for all lost time and see to it that our coimtry shall 
flourish. We will have atomic energy and many other things, too. 

Let us tackle these tasks with all our inexhaustible Bolshevik 
energy, with all the boundless energy of the Soviet people. Let us work 
as Comrade Stalin teaches us to do. 

The first phase of negotiations for the clarification of policy 
on the part of the United States, Great Britain, and Canada 
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extended over a week’s discussion at Washington, participated 
in by the Prime Minister of Great Britain and Canada, Mr. 
Attlee and Mr. King, with the President, the Secretary of State, 
and a technical staff. The results of these negotiations are set 
forth in the communique, issued November 15. . , . 

This important document has been the subject of much dis- 
cussion in the three participating countries. With reference to 
the proposal that ’'a Commission should be set up under the 
United Nations Organization to prepare recommendations for 
submission to the Organization” it was urged by commentators 
tliat there should in no case be delay in setting up the Com- 
mission. This point was strongly made by Mr Anthony Eden 
in his speech in Parliament on November 22. But President 
Truman had already answered the objection in a news conference 
on November 20 with tlie definite proposal that the Commission 
should be appointed by the Assembly, at its first meeting. 


SAFEGUARDING ATOMIC ENERGY 
AGAINST MISUSE ^ 


I have been asked to speak to you briefly about the report of 
the Secretary of State’s Committee on Atomic Energy. The 
Committee felt that what was most needed at the outset was to 
get a group of qualified consultants who would be willing to 
give their full time for a long enough period to make a really 
thorough analysis of the problems of international control. And 
so at the beginning of our work we appointed a Board of Con- 
sultants consisting of Dr. J. Robert Oppenheimer, one of the 
chief physicists of the Manhattan Project, and three leading 
industrialists, Chester Barnard of the New Jersey Bell Telephone 
Co,, Dr. Charles Thomas of the Monsanto Chemical Co. and 
Harry W^inne of the General Electric Co. The group was headed 
by David Lilienthal of the Tennessee Valley Authority. 

These gentlemen visited the plants at Oak Ridge and Los 
Alamos. They spent many weeks discussing all matters relat- 


* Address ^ Dean Acheson, Under Secreta^ of State; chairman of the Secre- 
tary of State's Committee on Atomic Energy, before the American Society of News- 
paper Editors, April 20, 1946. XJntted States News, 20:57-9. May 3, 1946. 
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ing to the manufacture of the fissionable materials, the controls 
that would be necessary, to what extent the manufacture could 
safely be left to individual nations or must be under international 
control, and they formed certain conclusions. These conclusions 
grew out of the facts as they found them to be. Their first con- 
clusion was that one widely discussed conception was pure moon- 
shine. This was the conception that atomic energy could be con- 
trolled initially by the various nations of the world acting under 
some sort of agreement that would, in common parlance, out- 
law the use of atomic energy for warlike purposes, with an 
international inspection force policing atomic energy research 
and development everywhere. It seemed perfectly clear to the 
consultants that any such attempt was not only doomed to fail- 
ure, but to worse than failure, because it would encourage people 
everywhere to believe that it provided security, when, in fact, 
there would be no security at all. The reason that they thought 
that there would be no security at all was that the very concep- 
tion of having fissionable materials — ^that is, the materials from 
which you get atomic energy — ^produced independently by na- 
tions meant, in the first place, that those who produced these 
materials would know far more than those who were trying to 
police them. That would necessarily be so. It would also 
necessarily be so that whatever various nations learned in the 
course of their work they would keep secret. It would also be 
true that there would be great rivalry for the control and the 
possession of the source ores needed for the manufacture of 
fissionable materials. 

You would, therefore, have what in our discussions we used 
to refer to as the cops-and-robbers theory of control. You 
would have various nations highly equipped with the best sci- 
entists in the world, with whatever factories they were able 
to provide, engaged in intense rivalry to obtain source materials 
and make fissionable materials. Internationally, you would have 
a group of people charged with policing the agreement outlaw- 
ing these activities who couldn’t possibly know as much as 
those whom they were trying to police. These policemen would 
be looking for factories or plants even the design of which they 
would not know. 
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Something else about the arrangement would be even worse. 
It is this: What the policemen would be looking for would be 
a state of mind. In getting raw materials and in the manu- 
facture of fissionable materials, whether you wish to use them 
for warlike purposes or whether you wish to use them for peace- 
ful purposes, everything that you do is very much, the same up 
to the time when you come to construct the bomb So what- 
ever you find, you have discovered nothing until you have dis- 
covered the state of mind. 

If you find a mine producing uranium or a factory producing 
U-235 or plutonium, you will discover nothing, because those 
in charge of that activity will always insist that they are engaged 
in it for peaceful purposes Even if you discover a shop or 
factory where somebody is trying to put together a bomb, you 
will discover nothing, because the person who is doing it will 
say: “I am doing this for experimental purposes.” So such 
policing seemed to the consultants to be entirely futile and 
hopeless. 

The consultants then went on with their investigation of the 
facts and came to the following conclusions, out of which the 
outline of their plan of control began to emerge: 

They concluded, in the first place, that there is only one 
material which is indispensable to the production of atomic 
energy, and that element is uranium. There is no way, in the 
opinion of the Committee and of the Board of Consultants, by 
which such production can be achieved without uranium. They 
concluded also that there is another element of great importance, 
thorium, provided you have uranium to begin with. This was 
an important conclusion because it led them to believe that if 
there were ways of controlling uranium and thorium through 
some international organization, you have begun to get your 
hands on the key to international control. 

This conclusion was strengthened by the fact that in many 
instances these two elements occur together, in sufl&ciently rich 
deposits, in fairly well known types of geological formation and 
not too frequently in the world. Of course, the elements also 
occur in thinner deposits. Uranium occurs in almost infini- 
tesimal degrees in every part of the earth’s crust, but at the 
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present time no one knows how to work the material found in 
minute quantities. Therefore, looking at the facts concerning 
raw materials, you begin to see the question of international 
control within measurable proportions. You are not faced by 
the insurmountable problem of an army of inspectors who would 
have to look into every activity in every part of the world to 
see if anyone was doing anything on nuclear fission with a war- 
like intent. Here was something more manageable, which it 
might be possible to control. 

Then the consultants went further. They said: *‘What hap- 
pens after you produce the raw materials?’' The next thing 
that happens is the production of fissionable materials — ^U-235 
or plutonium. They concluded that that was, from the point 
of view of international security, an inherently dangerous 
operation. That, too, was something which could not be left 
freely in the hands of individual nations or individual enter- 
prises. 

The consultants then went a little further and asked: *'What 
else do we find to be dangerous?” They found that the produc- 
tion of explosives themselves was perhaps the most dangerous 
activity of all. 

So they emerged with these three central points: the produc- 
tion of the raw material of the two elements, uranium and thori- 
um; the manufacture of those raw materials into actual fission- 
able material which could be used for explosives; and the 
production of explosives. All those activities, the consultants 
said, are dangerous. 

Then the board of consultants asked: ‘'Are there other ac- 
tivities which are important?” They agreed that there are others 
which are very important. These other activities happen also 
to be those which are immensely promising in the use of atomic 
energy for peaceful purposes. There is the use of radioactive 
tracer materials. This is perhaps the most promising of all 
the uses of atomic energy. Used, for example, in research in 
regard to the human body, in regard to all vegetable and animal 
matter, you have a tremendous opportunity of tracing all the 
various reactions which occur in living organisms and in that 
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way learning more about these reactions than could possibly be 
learned in any other way. 

Now that is not a dangerous activity. It is not dangerous 
because the amounts of fissionable material used in any one of 
these research operations is so small that if you put together 
all that would be needed for research in one country, or even in 
several countries, you still would not have enough material to 
do any harm. 

Then, the consultants said, there are other activities which 
are not dangerous. Such another activity is the operation of 
small reactors, which in turn produce radioactive tracer mate- 
rials or which are used for experimental and testing purposes in 
industry or in chemical, physical or biological research. Again, 
this activity is not dangerous because there would not be enough 
material in one or a dozen of them to do any harm. 

There is stiU another activity full of promise for the future, 
and that is the production of power. Here you begin to ap- 
proach the field of danger, because in the reactor that will make 
power you will need so much of the fissionable material that it 
might be dangerous. Even so, the consultants believe that by 
care in designing reactors a large measure of safety could be 
achieved. Moreover, the consultants studied this matter further, 
and concluded — and I think this is in line with the concensus 
of scientific opinion — that by denaturing the fissionable material 
an additional safeguard could be provided. 

Now, when this conclusion in the report first became known, 
it was taken up and distorted. People like to make things seem 
simpler than they often are So they quickly jumped to a con- 
clusion that we in our discussions referred to as the theory of the 
good and the bad fairy The bad fairy set out to destroy the 
world, and the good fairy came and waved her wand, and the 
world was not destroyed; no harm was done. That is not a 
correct reflection of the facts What the consultants say in 
their report is that these fissionable materials can be so processed 
or treated after they are produced that only by a major industrial 
effort can they be processed further so as to be used effectively 
in explosives. That doesn’t mean that it can’t be done. It 
means that it is a very difficult job to do. 
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What is the significance of this? Its sole significance is 
that it makes it safer than it otherwise would be to permit a 
rather broad use by nations or by individuals of fissionable 
materials in the production of power. 

Now, with these conclusions before them, the consultants 
went back, set forth what they regarded as the essential facts 
and came out with their report. As the Seaetary of State said 
m his foreword, it is not a statement of government policy. It 
is purely a working paper for the consideration of those who 
have to determine government policy. The proposal is that by 
agreement among all the nations of the world the raw mate- 
rials of uranium and thorium shall be in the hands of an in- 
ternational organization created by treaty, with powers and func- 
tions very specifically spelled out in the treaty. Wherever 
uranium and thorium occur in useful quantities, they shall as 
a matter of treaty right be under the control of the international 
organization. The international organization shall have the 
sole right to work these materials and to produce them. It 
may do the work itself or it may have other agencies carry on 
operations for it. The important thing is that it shall have the 
right to determine how the exploitation is done, because it is 
only by having the managerial authority, the complete power of 
direction, that there can be any effective accounting and control, 
so these materials will not be permitted to escape into dangerous 
channels. 

Now, you immediately begin to get international control 
more nearly within more practical bounds and limits. Under 
the arrangements contemplated by the consultants, anyone who 
is inspecting is not looking for a state of mind; he is looking 
for an activity. When he finds the prohibited activity, he knows 
that a treaty has been violated, and he knows that trouble is 
brewing, and he can say so. If some person or some nation 
is producing uranium and thorium, it doesn’t make any difference 
what their state of mind may be. And if uranium and thorium 
are being produced, the fact can be readily ascertained, because 
the international organization in the ordinary course of its 
business is sending its prospectors into all countries of the 
world and discovering through geological exploration where the 
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sources of uranium and thorium are. Should the inspectors 
see new holes in the ground opening up, they would inquire 
into the reasons. Without being a group of prohibition enforce- 
ment oJScers prying into everybody’s business, they can in the 
conduct of their own business find out what is going on. 

Then the report proceeds to say that the second dangerous 
step — ^the production of fissionable material — ^must also be 
within the control of the international organization. This is a 
highly dangerous step The international organization must be 
the only organization which produces fissionable material. Again, 
if the inspectors or the personnel of the international organiza- 
tion discover or hear about or have instruments which re- 
cord the existence in any part of the world of a building, a 
factory or a plant producing fissionable materials, those are 
illegal activities, and the world is put on notice. 

The suggestion is made in the report that the treaty spell out 
how fissionable materials are to be produced. For the most 
part, they can be produced in such form that the final product 
cannot, without additional effort, be used to make explosives. 
The plants which produce these materials can produce, also, a 
great amount of power. It is estimated that half of the power 
that would be produced through atomic energy could be pro- 
duced in these primary plants which produce fissionable mate- 
rials. It would be produced in the plants of the international 
organization but would be turned over to the nation in which 
it was produced, for disposition according to that nation’s 
policies. 

It is also stated in the report that it is desirable that these 
plants be so distributed about the world that there can be no 
thought in the mind of any party to the treaty that the strength 
which would come from having these plants is concentrated in 
one country. They should be so scattered about that there would 
be no temptation on the part of anybody to gain a monopoly 
within the borders of a single nation. 

Now, of course, there is a possibility of danger in this situa- 
tion. Everyone imderstands that a nation that has decided to 
violate the treaty might send its soldiers in and take over a plant 
operating under the international organization. The organiza- 
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tion would be quite powerless to prevent that, because no one 
can resist the force of a great power within its own borders. The 
plan IS not designed to prevent that. It is so set up that, if such 
a development should take place, it would constitute a clear, 
out-and-out, notorious violation of the treaty, and all the world 
would be put on notice that the nation involved is embarking 
on an aggressive policy that must inevitably lead to trouble. 
The world is also put on notice in suflScient time so that the 
other nations can make their dispositions and be ready for 
trouble. 

The consultants estimate that any nation taking such action 
with one of these plants would not be in a position, within one 
year and possibly not within two or three years to use what it 
had captured to make actually dangerous amounts of explosive 
material. The reason is that the nature of plants would be such 
that, in order to produce explosive material, there would have to 
be major additional production and additional construction, and 
that would take a long enough time so that the world could 
be ready. 

Then the report goes on to suggest that the nondangerous 
activities should be licensed by the international authority under 
a system which would prescribe the actual construction of the 
reactor or plant or whatever it may be that would use the fis- 
sionable material. Suppose, for instance, that you wish to use 
some of this material for the production of power. Now, note 
that the production of power in this secondary use is different 
from the production of the power in the primary use, because 
in the primary factor you are both producing power and produc- 
ing fissionable materials. In the second type of factory, the non- 
dangerous factory, you are taking the fissionable material and 
using it as a sort of fuel, something which is consumed and 
used up. In that type of plant, a license can be issued to build 
a certain kind of reactor. The license would describe how it 
should be constructed, the authority would supervise its con- 
struction, and it would be so constructed that you could not get 
the fissionable material out of it to make bombs or more fission- 
able materials except by tearing it to pieces. It is no great trick 
to supervise that sort of plant, because aU you have to do is 
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look at the power dials. If the plant is producing power and 
the fissionable material is inside it, it will show on the dials. 
It it is not producing power, something suspicious has happened. 

A nation could of course tear one of these plants apart. 
Again, if the other parts of your control system were effective, 
it would take at least a year and possibly longer to take the de- 
natured material, build a factory to produce something from it 
and use it for hostile purposes. 

The report then recommends that the international authority 
should be in the forefront of experimentation in the field of 
explosives Some people have asked me: why not forget all 
that.? Why not say that nobody may do it? To say that is, 
again, to enter into the field of illusion. It is only by knowing 
more about developments than anyone else that this international 
authority can stay in the forefront. It can get nowhere by 
knowing nothing If you were in the forefront of experimenta- 
tion, then you would know what dangerous things could be 
developed and what to look for. 

That is the general plan that the board of consultants has 
put forward. Its members know that there are tremendous 
difficulties of all sorts in this plan. All of us regard it as one 
would regard a preliminary sketch by an architect of a building 
which he wishes to build, as distinguished from the final blue- 
prints which have all the construction and all the plumbing 
and all the material set forth in detail. There are hundreds 
of problems lurking in this field, and all of these problems must 
be worked out in detail by a competent and extensive staff. 

I might add that the consultants in making their report were 
quite conscious of the difficulties of negotiation lying ahead. 
They did not undertake to go into that field. There is much 
latitude in this plan. There is latitude in the speed with which 
you move from one step to another. The board has recom- 
mended that we begin, as Alice in Wonderland said, at the 
beginning and not at the end. The beginning is the field of 
raw materials It is a vast field. ^ It will take a long time to 
organize it, to get the staff that is necessary, to be sure that 
you have the cooperation of all nations engaged in this plan 
before you agree to other steps. Nobody would dream of tak- 
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ing the other steps unless you were satisfied that this first one 
could be done effectively. 

There is one thing which I believe the board feels very 
strongly about. That is the plan of interlocking safeguards. 
There is no one part of this plan which alone gives any security 
whatever. The security comes entirely from the fact that you 
have at each stage a remaining measure of protection. The raw 
materials may, to be sure, be captured. They may be surrep- 
titiously mined. If they are, and the violation is not caught 
at that stage, then you have another safeguard in the second 
step, — that only the authority can process those materials. So 
you have a second chance to catch violators. Then, of course, 
there is the third step. 

One of the most dangerous things in the world, obviously, 
would be to start with a plan like this and in the course of 
negotiations make concessions that would weaken the safeguards 
at any point. If that were done, it would be far better that this 
plan had never been thought of. This particular plan is one 
that rests on the maintenance of all its interlocking safeguards. 

Whether or not it is accepted is not the concern of the board 
of consultants or the Committee. The Committee has done 
what the Secretary of State has asked it to do, which is to get 
a study completed and lay it before those who have the responsi- 
bility for policy. The Committee and the board have, I think, 
discharged that duty, and all the members stand ready to be of 
any service in the future. But there is one more thing that has 
been done ; that is to direct attention to the realities of this prob- 
lem and away from the loose talk which was going on before. 
There was a lot of talk before that seemed to be based on the 
assumption that the pre-eminence of the United States in this 
field rests on certain secrets that were locked up in General 
Groves* desk. 

That is not the situation at all A debate on that basis is 
futile and ill-informed. The American pre-eminence in this field 
has a much more solid foundation than that. Of course, one 
part of the foundation is based on the fact that this country is 
in the forefront of scientific knowledge. But it isn't going to be 
in the forefront very long. Any scientist who proceeds from 
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the past into the future must reach the same discoveries. Amer- 
ican pre-eminence rests on something more solid than that, and 
that is that there is a tremendous wealth of technological knowl- 
edge in this country. We know how to take laboratory problems 
and put them into factories stretching over dozens of square 
miles. We have the industrial civilization here which can take 
those technological blueprints and translate them into action. 
We have access to the raw materials. These are the solid bases 
of American pre-eminence, not merely the fact that we know 
something other people don’t know 

So I think that the Committee and the board of consultants, 
even if the plan should ultimately be regarded as not desirable, 
have performed a useful service in directing attention to some 
of the realities of the problem and away from the dialectics. 

ATOMIC ENERGY CONTROL ^ 

We are here to make a choice between the quick and the 
dead 

That is our business. 

Behind the black portent of the new atomic age lies a hope 
which, seized upon with faith, can work our salvation. If we 
fail, then we have damned every man to be the slave of fear. 
Let us not deceive ourselves: We must elect world peace or 
world destruction. 

Science has torn from nature a secret so vast in its poten- 
tialities that our minds cower from the terror it creates. Yet 
terror is not enough to inhibit the use of the atomic bomb. The 
terror aeated by weapons has never stopped man from employ- 
ing them. For each new weapon a defense has been produced, 
in time. But now we face a condition in which adequate de- 
fense does not exist. 

Science, which gave us this dread power, shows that it can 
be made a giant help to humanity, but science does not show 
us how to prevent its baleful use. So we have been appointed 

* Address of Bernard M Baruch, United States Representative to the United 
Nations Atomic Energy Commission^ at opening session, June 14, 1946, Congrej^ 
jional Record. 92. (daily) A3 703-5. June 17, 1946. 



THE ATOMIC BOMB 


153 


to obviate that peril by finding a meeting of the minds and the 
hearts of our peoples. Only in the will of mankind lies the 
answer. 

It is to express this will and make it effective that we have 
been assembled. We must provide the mechanism to assure that 
atomic energy is used for peaceful purposes and preclude its use 
m war. To that end, we must provide immediate, swift, and 
sure punishment of those who violate the agreements that are 
reached by the nations. 

Penalization is essential if peace is to be more than a 
feverish interlude between wars. And, too, the United Nations 
can prescribe individual responsibility and punishment on the 
principles applied at Nuremberg by the Union of Soviet Socialist 
Republics, ^e United Kingdom, France, and the United States 
— a formula certain to benefit the world’s future. 

In this crisis, we represent not only our governments but, 
in a larger way, we represent the peoples of the world. We 
must remember that the peoples do not belong to the govern- 
ments, but that the governments belong to the peoples. We must 
answer their demands; we must answer the world's longing for 
peace and security. 

In that desire the United States shares ardently and hope- 
fully, the search of science for the absolute weapon has reached 
fruition in this country. But she stands ready to prescribe and 
destroy this instrument — ^to lift its use from death to life — if 
the world will join in a pact to that end. 

In our success lies the promise of a new life, freed from 
the heart-stopping fears that now beset the world. The begin- 
ning of victory for the great ideals for which millions have 
bled and died lies in building a workable plan. Now we ap- 
proach fulfillment of the aspirations of mankind. At the end 
of the road lies the fairer, better, surer life we crave and mean 
to have. 

Only by a lasting peace are liberties and democracies 
strengthened and deepened. War is their enemy. And it will 
not do to believe that any of us can escape war’s devastation. 
Victory, vanquished and neutrals alike, are affected physically, 
economically, and morally. 
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Against the degradation of war we can erect a safeguard. 
That IS die guerdon for which we reach. Within the scope 
of the formula we outline here there will be found, to those 
who seek it, tlie essential elements of our purpose. Others will 
see only emptiness. Each of us carries his own mirror, in which 
is reflected hope — or determined desperation — courage, or cow- 
ardice. 

There is a famine throughout the world today. It starves 
men’s bodies But there is a greater famine — ^the hunger of 
men’s spirit That starvation can be cured by the conquest of 
fear and the substitution of hope, from which springs faith — - 
faith in each other, faith that we want to work together toward 
salvation; and determination that those who threaten the peace 
and safety shall be punished. 

The peoples of these democracies gathered here have a 
particular concern with our answer, for their peoples hate war. 
They will have a heavy exaction to make of those who fail to 
provide an escape. They are not afraid of an internationalism 
that protects; they are unwilling to be fobbed off by mouthings 
about narrow sovereignty, which is today’s phrase for yesterday’s 
isolation. 

The basis of a sound foreign policy in this new age for 
all the nations here gathered is that: Anything that happens, 
no matter where or how, which menaces the peace of the world, 
or the economic stability, concerns each and all of us. 

That roughly may be said to be the central theme of the 
United Nations It is with that thought we begin consideration 
of the most important subject that can engage mankind — life 
itself. 

Let there be no quibbling about the duty and the responsi- 
bility of this group and of the governments we represent. I 
was moved, in the afternoon of my life, to add my effort to gain 
the world’s quest, by the broad mandate under which we were 
created. The resolution of the General Assembly, passed Janu- 
ary 24, 1946, in London, reads: 

Section V. Terms of reference of the Commission: 

The Commission shall proceed with the utmost dispatch and in- 
quire into all phases of the problem, and make such recommendations 
from time to time with respect to them as it finds possible. 
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In. particular the Commission shall make specific proposals: 

A. For extending between all nations the exchange of basic sci- 
entific information for peaceful ends; 

B. For control of atomic energy to the extent necessary to m- 
sure its use only for peaceful purposes; 

C. For the elimination from national armaments of atomic weap- 
ons and of all other major weapons adaptable to mass destruction; 

D For effective safeguards by way of inspection and other means 
to protect complying states against the hazards of violations and evasions 

The work of the Commission should proceed by separate stages, 
the successful completion of each of which will develop the necessary 
confidence of the world before the next stage is undertaken. 

Our mandate rests, in text and in spirit, upon the outcome 
of the conference in Moscow of Messrs. Molotov, of the Union 
of Soviet Socialist Republics; Bevin, of the United Kingdom; 
and Byrnes of the United States of America. The three Foreign 
Ministers, on December 27, 1945, proposed the establishment 
of this body. 

Their action was animated by a preceding conference in 
Washington on November 15, 1945, when the President of the 
Umted States, associated with Mr. Attlee, Prime Minister of 
the United Kingdom, and Mr. Mackenzie King, Prime Minister 
of Canada, stated that international control of the whole field 
of atomic energy was immediately essential. They proposed the 
formation of this body. In examining that source, the agreed 
declaration, it will be found that the fathers of the concept 
recognized the final means of world salvation — the abolition of 
war. Solemnly they wrote: 

We are aware that the only complete protection for the civilized 
world from the destructive use of scientific knowledge lies in the pre- 
vention of war. No system of safeguards that can be devised will of 
itself provide an effective guaranty against production of atomic weap- 
ons by a nation bent on aggression. Nor can we ignore the possibility 
of the development of other weapons, or of new methods of warfare, 
which may constitute as great a threat to civilization as the military use 
of atomic energy. 

Through the historical approach I have outlined, we fitnd 
ourselves here to test if man can produce, through his will and 
faith, the miracle of peace, just as he has, through science and 
skiU, the miracle of the atom. 
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The United States proposes the creation of an international 
atomic development authority, to which should be entrusted 
all phases of the development and use of atomic energy, starting 
with the raw material and including: 

1. Managerial control or ownership of all atomic energy 
activities potentially dangerous to world security. 

2. Power to control, inspect, and license all other atomic 
activities. 

3. The duty of fostering the beneficial uses of atomic energy. 

4. Research and development responsibilities of an affirma- 
tive character intended to put the authority in the forefront of 
atomic knowledge and thus to enable it to comprehend, and 
therefor to detect, misuse of atomic energy. To be efiFective, the 
authority must itself be the world's leader in the field of atomic 
knowledge and development and thus supplement its legal 
authority with the great power inherent in possession of leader- 
ship in knowledge. 

I oflfer this as a basis for beginning our discussion. 

But I think the peoples we serve would not believe — and 
without faith nothing counts — that a treaty, merely outlawing 
possession or use of the atomic bomb constitutes effective fulfidl- 
ment of the instructions to this commission Previous failures 
have been recorded in trying the method of simple renuncia- 
tion, imsupported by effective guaranties of security and arma- 
ment limitation. No one would have faith in that approach 
alone. 

Now, if ever, is the time to act for the common good. Pub- 
lic opinion supports a world movement toward security. If I 
read the signs aright the people want a program not composed 
merely of pious thoughts but of enforceable sanctions — an in- 
ternational law with teeth in it. 

We of this nation desirous of helping to bring peace to 
the world and realizing the heavy obligations upon us, arising 
from our possession of the means of producing the bomb and 
from the fact that it is part of our armament, are prepared to 
make our full contribution toward effective control of atomic 
energy. 
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When an adequate system of atomic energy, including the 
renunciation of the bomb as a weapon, has been agreed upon 
and put into effective operation and condign punishments set 
up for violations of the rules of control which are to be stig- 
matized as international aimes, we propose that: 

1. Manufacture of atomic bombs shall stop; 

2. Existing bombs shall be disposed of pursuant to the 
terms of the treaty; and 

3. The authority shall be in possession of fuU information 
as to the know-how for the production of atomic energy. 

Let me repeat, so as to avoid misunderstanding: My country 
is ready to make its full contribution toward the end we seek, 
subject, of course, to our constitutional processes, and to an 
adequate system of control becoming fuUy effective as we finally 
work it out. 

Now as to violations: In the agreement, penalties of as 
serious a nature as the nations may wish and as immediate and 
certain in their execution as possible, should be fixed for: 

1. Illegal possession or use of an atomic bomb; 

2. Illegal possession or separation of atomic material suit- 
able for use in an atomic bomb ; 

3. Seizure of any plant or other property belonging to or 
licensed by the authority; 

4. Willful interference with the activities of the authority; 

5. Creation or operation of dangerous projects in a manner 
contrary to, or in the absence of, a license granted by the in- 
ternational control body. 

It would be a deception, to which I am unwilling to lend 
myself, were I not to say to you and to our peoples that the 
matter of punishment lies at the very heart of our present se- 
curity system. It might as well be admitted, here and now, 
that the subject goes straight to the veto power contained in 
the Charter of the United Nations so far as it relates to the 
field of atomic energy. The Charter permits penalization only 
by concurrence of each of the five great powers — ^Union of 
Soviet Socialist Republics, the United Kingdom, China, France, 
and the United States, 
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I want to make this very plain that I am concerned here with 
the veto power only as it affects this particular problem. There 
must be no veto to protect those who violate their solemn agree- 
ments not to develop or use atomic energy for destructive 
purposes. 

The bomb does not wait upon debate. To delay may be to 
die The time between violation and preventive action or pun- 
ishment would be all too short for extended discussion as to the 
course to be followed. 

As matters now stand, several years may be necessary for 
another country to produce a bomb de novo. However, once the 
basic information is generally known, and the authority has 
established producing plants for peaceful purposes in the several 
countries, an illegal seizure of such a plant might permit a 
malevolent nation to produce a bomb in twelve months, and if 
preceded by secret preparation and necessary facilities perhaps 
even in a much shorter time. The time required — ^the advance 
warning given of the possible use of a bomb — can only be 
generally estimated but obviously will depend upon many factors, 
including the success with which the authority has been able to 
introduce elements of safety in the design of its plants and the 
degree to which illegal and secret preparation for the military 
use of atomic energy will have been eliminated. Presumably 
no nation would think of starting a war with only one bomb. 

This shows how imperative speed is in detecting and penal- 
izing violations. 

The process of prevention and penalization — a problem of 
profound statecraft is, as I read it, implicit in the Moscow state- 
ment, signed by the Union of Soviet Socialist Republics, the 
United States, and the United Kingdom a few months ago. 

But before a country is ready to relinquish any winning 
weapons it must have more than words to reassure it. It must 
have a guaranty of safety not only against the offenders in the 
atomic area but against the illegal users of other weapons — 
bacteriological, biological, gas, perhaps, why not.^ against war 
itself. 

In the elimination of war lies our solution, for only then 
will nations cease to compete with one another in the production 
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and use of dread seaet weapons which are evaluated solely 
by their capacity to kill. This devilish program takes us back 
not merely to the Dark Ages but from cosmos to chaos. If we 
succeed in finding a suitable way to control atomic weapons, it 
is reasonable to hope that we may also preclude the use of other 
weapons adaptable to mass destruction. When a man learns to 
say *‘a” he can if he chooses, learn the rest of the alphabet, too. 

Let this be anchored in our minds: 

Peace is never long preserved by weight of metal or by an 
armament race. Peace can be made tranquil and secure only by 
understanding an agreement fortified by sanctions. We must 
embrace international cooperation or international disintegration. 

Saence has taught us how to put the atom to work. But to 
make it work for good instead of for evil lies in the domain 
dealing with the principles of human duty. We are now facing 
a problem more of ethics than of physics. 

The solution will require apparent sacrifice in pride and in 
position, but better pain as the price of peace than death as the 
price of war. 

I now submit the following measures as representing the 
fundamental features of a plan which would give effect to certain 
of the conclusions which I have epitomized. 

1. General: The authority should set up a thorough plan for 
control of the field of atomic energy, through various forms of 
ownership, dominion, licenses, operation, inspection, research, 
and management by competent personnel. After this is provided 
for there should be as little interference as may be with the eco- 
nomic plans and the present private, corporate, and state rela- 
tionships in the several countries involved. 

2. Raw materials: The authority should have as one of its 
earliest purposes to obtain and maintain complete and accurate 
information on world supplies of uranium and thorium and to 
bring them under its domination. The precise pattern of control 
for various types of deposits of such materials will have to 
depend upon the geological, mining, refining, and economic facts 
involved in different situations. 

The authority should conduct continuous surveys so that it 
will have the most complete knowledge of the world geology of 
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iiraaium and thorium. Only after all current information on 
world sources of uranium and thorium is known to us all can 
equitable plans be made for their production, refining, and dis- 
tribution. 

3. Primary production plants; The authority should exercise 
complete managerial control of the production of fissionable ma- 
terials. This means that it should control and operate all plants 
producing fissionable materials in dangerous quantities and must 
own and control the product of these plants. 

4. Atomic explosives: The authority should be given sole 
and exclusive right to conduct research in the field of atomic 
explosives. Research activities in the field of atomic explosives 
are essential in order that the authority may keep in the forefront 
of knowledge in the field of atomic energy and fulfill the objec- 
tive of preventing illicit manufacture of bombs. Only by main- 
taining its position as the best informed agency will the authority 
be able to determine the line between intrinsically dangerous and 
nondangerous activities. 

5. Strategic distribution of activities and materials: The 
activities entrusted exclusively to the authority because they are 
intrinsically dangerous to security should be distributed through 
the world. Similarly, stock piles of raw materials and fissionable 
materials should not be centralized. 

6. Nondangerous activities: Function of the authority should 
be promotion of the peacetime benefits of atomic energy. 

Atomic research (except in explosives) the use of research 
reactors, the production of radioactive tracers by means of non- 
dangerous reactors, the use of such tracers, and to some extent 
the production of power should be open to nations and their 
citizens under reasonable licensing arrangements from the au- 
thority. Denatured materials, whose use we know also require 
suitable safeguards, should be furnished for such purposes by the 
authority under lease or other arangement. Denaturing seems to 
have been overestimated by the public as a safety measure. 

7. Definition of dangerous and nondangerous activities: Al- 
though a reasonable dividing line can be drawn between dan- 
gerous and nondangerous activities it Is not hard and fast. Pro- 
vision should, therefore, be made to assure constant reexamina- 
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tion of the questions and to permit revision of the dividing line 
as changing conditions and new discoveries may require. 

8. Operations of dangerous activities — any plant dealing 
with uranium or thorium after it once reaches the potential of 
dangerous use must be not only subject to the most rigorous and 
competent inspection by the authority, but its actual operation 
shall be under the management, supervision, and control of the 
authority. 

9. Inspection: By assigning intrinsically dangerous activities 
exclusively to the authority, the difficulties of inspection to the 
authority, the difficulties of inspection are reduced. If the au- 
thority is the only agency which may lawfully conduct dangerous 
activities, then visible operation by others than the authority will 
constitute an unambiguous danger signal. Inspection will also 
occur in connection with the licensing functions of the authority. 

10. Freedom of access: Adequate ingress and egress for all 
qualified representatives of the authority must be assured. Many 
of the inspection activities of the authority should grow out of, 
and be incidental to, its other functions. 

Important measures of inspection will be associated with the 
tight control of raw materials, for this is a keystone of the plan. 
The continuing activities of prospecting, survey, and research in 
relation to raw materials will be designed not only to serve the 
affirmative development functions of the authority, but also to 
assure that no surreptitious operations are conducted in the raw 
materials field by nations or their citizens. 

11. Personnel: The personnel of the authority should be 
recruited on a basis of proven competence, but also so far as 
possible on an international basis. 

12. Progress by stages* A primary step in the creation of the 
system of control is the setting forth, in comprehensive terms of 
the functions, responsibilities, powers, and limitations of the 
authority. 

Once a charter for the authority has been adopted, the au- 
thority and the system of control for which it will be responsible 
will require time to become fully organized and effective. The 
plan of control will, therefore, have to come into effect in suc- 
cessive stages. 
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These should be specifically fixed in the Charter or means 
should be otherwise set forth in the Charter for transitions from 
one stage to another, as contemplated in the resolution of the 
United Nations Assembly which created this commission. 

13. Disclosures: In the dehberations of the United Nations 
Commission on Atomic Energy, the United States is prepared to 
make available the information, essential to a reasonable under- 
standing of the proposals which it advocates. Further disclosures 
must be dependent, in the interests of all, upon the effective 
ratification of the treaty. 

When the authority is actually created, the United States will 
join the other nations in making available the further informa- 
tion essential to that organization for the performance of its 
functions. As the successive stages of international control are 
reached, the United States will be prepared to yield, to the extent 
required by each stage, national control of activities in this field 
to the authority. 

14. International control: There will be questions about the 
extent of control to be allowed to national bodies when the 
authority is established. Purely national authorities for control 
and development of atomic energy should, to the extent necessary 
for the effective operation of the authority, be subordinate to it. 
This is neither an endorsement nor a disapproval of the creation 
of national authorities. The Commission should evolve a clear 
demarcation of the scope of duties and responsibilities of such 
national authorities. 

And now I end. I have submitted an outline for present dis- 
cussion. Our consideration will be broadened by the criticism of 
the United States proposals and by the plans of the other nations, 
which, it is to be hoped, will be submitted at their early con- 
venience. I and my associates of the United States delegation 
will make available to each member of this body books and 
pamphlets, including the Acheson-Lilienthal report, recently 
made by the United States Department of State, and the Mc- 
Mahon committee monograph No. 1, entitled "Essential Infor- 
mation on Atomic Energy,'' relating to the McMahon bill recent- 
ly passed by the United States Senate, which may prove of value 
in assessing the situation. 
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All of us are consecrated to making an end of gloom and 
hopelessness It will not be an easy job. The way is long and 
thorny, but supremely worth traveling. All of us want to stand 
erect, with our faces to the sun, instead of being forced to burrow 
into the earth, like rats. 

The pattern of salvation must be worked out by all for all. 

The light at the end of the tunnel is dim, but our path seems 
to grow brighter as we actually begin our journey. We cannot 
yet light the way to the end. However, we hope the suggestions 
of my government will be illuminating. 

Let us keep in mind the exhortation of Abraham Lincoln, 
whose words, uttered at a moment of shattering national peril, 
form a complete text for our deliberation. I quote, paraphrasing 
slightly: 

We cannot escape history. We of this meeting will be remembered 
in spite of ourselves. No personal significance or insignificance can 
spare one or another of us. The fiery trial through which we are 
passing will light us down in honor or dishonor to the latest generation. 

We say we are for peace. The world will not forget that we 
say this. We know how to save peace The world knows that we do. 
We, even we here, hold the power and have the responsibility. 

We shall nobly save or meanly lose the last, best hope of earth. 
The way is plain, peaceful, generous, just — a way which, if followed, 
the world will forever applaud. 

My thanks for your attention. 


RUSSIAN PROPOSAL FOR THE CONTROL OF 
ATOMIC ENERGY^ 


The Commission for the Control of Atomic Energy, created 
in accordance with the decision of the Moscow Conference of 
the Foreign Ministers of the Three Powers and with the decision 
of the first session of the General Assembly, must proceed to the 
practical realization of the task set before it. The significance 
of these tasks and, consequently, of the activities of the Commis- 
sion, are determined by the significance of the very discovery, 

* By Andrei A. Gromyko, Soviet Delegate to the United Nations Atomic Energy 
Commission Speech at Commission's session of June 19, 1946. New York Times 4 
p. 4. June 20, 1946. 
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and is doubtless only a foretaste of still greater conquests of 
science in this field in the future, and it emphasizes the great 
importance of the tasks of this Commission and therefore of the 
activities of this Commission. 

As a result of developments in the last few years, circum- 
stances have brought it about that one of the most important 
discoveries of humanity has found its application at the outset 
in a particular form of weapon, the atomic bomb. However, 
although, up to the present time, this use of atomic energy is 
the only known form for its practical application, it is the 
general opinion that humanity stands at the threshold of a wide 
application of atomic energy for peaceful purposes; for the 
good of the peoples as a means of raising their standards of 
welfare and their living conditions; for the good of and with 
a view to the development of science and culture. 

There are thus two possible ways in which atomic discoveries 
can be used. One way is the use of these discoveries for the 
purposes of producing means of mass destruction. The other 
way is the use of this discovery for the welfare of humanity. 

The paradox of the situation lies in the fact that it is the 
first way that has been studied most and most applied in practice. 
The second way has been studied and practically applied less. 
However, this circumstance does not diminish the importance of 
the tasks which He ahead of the Atomic Commission, but, on 
the contrary, emphasizes still further in a high degree the mean- 
ing of these tasks from the point of view of the reinforcement 
of peace between the peoples. There can be no active and 
effective system of peace if the discovery relating to the ways of 
using atomic energy is not placed in the service of humanity 
and is not applied to peaceful purposes only. The use of such 
a discovery only for the purposes of raising the welfare of the 
peoples and widening of their scientific and cultural horizons 
will help to strengthen confidence between the countries and 
friendly relations between them. 

On the other hand, if we continue to use these discoveries 
for the production of weapons of mass destmction, we may inten- 
sify mistmst between states and keep the peoples of the world 
in continual anxiety and mistrust. Such a position would work 
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against the aspirations of the peace-loving peoples who are 
thirsting for the establishment of a solid peace and who are 
making every effort to insure that their aspirations shall be trans- 
formed into reality. 

As one of the first measures to be carried out, in order to 
carry out the decision of the General Assembly of the 24th of 
January, the Soviet delegation proposes a study of the question 
of the conclusion of international agreements forbidding the 
production and use of weapons based upon the use of atomic 
energy for the purposes of mass destruction. The purpose of 
such an agreement should be to forbid the production and use of 
atomic weapons, the destruction of existing stocks of atomic 
weapons and the punishment of all activities undertaken with a 
view to the violation of such agreements. 

The elaboration and conclusion of such agreements would be, 
in the opinon of the Soviet delegation, only one of the primordial 
measures which must be taken to prevent the use of atomic 
energy to harm humanity. It should be followed by other 
measures designed to introduce means of assuring a strict super- 
vision of the observance of undertakings entered into, the con- 
clusion in connection with the above-mentioned agreements, the 
setting up of a system of supervision and control to see that the 
conventions and agreements are observed, and measures con- 
cerning sanctions against unlawful use of atomic energy. 

The public opinion of the whole of the civilized world has 
already condemned the use in war of suffocating, poisonous and 
other similar gases, and the use of liquids and substances of the 
same character, as also bacteriological weapons, and have con- 
cluded agreements forbidding the use of such weapons. For this 
purpose the necessity of concluding agreement forbidding the 
production and use of atomic weapons is even more obvious. 

Such a convention would correspond in a high degree also to 
the aspirations of the peoples of the whole world. The con- 
clusion and elaboration of such an agreement and such a system 
of measures to insure the strict observance of the clauses of the 
agreements, the establishment of a system of control to see that 
the obligations contained in the agreements were observed and 
the establishment of sanctions against those who violate the 
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agreements, all this, in the opinion of the Soviet delegation, 
would constitute an important step in advance on the way of 
carrying out the tasks laid upon the Atomic Energy Commission. 

It would also fully correspond to the aspirations and the 
dictates of common sense of the whole of progressive humanity. 
The need for its acceptance by states of the obligation not to 
produce or use atomic weapons is dictated also by the fact that 
the character of the atomic weapon is such that its application 
wpuld mean untold misery to the whole of the peaceful popula- 
tion of the countries concerned. . 

The results of the use of this weapon are incompatible with 
the generally accepted rules, and the ideas reinforced by the 
common sense of humanity over a period of many centuries, 
regarding the rules for the conduct of war which lay down that 
innocent civilian population should not be destroyed. The situa- 
tion, as it exists at the present time, created by the discovery of 
the means of applying atomic energy and the use of these means 
for the production of atomic weapons, excludes the possibility 
of normal scientific cooperation between the states of the world. 

One of the fundamental elements of the existing situation is 
characterized by the absence of any kind of limit to the produc- 
tion and application of atomic weapons. These elements are 
important considerations, and only strengthen the suspicion exist- 
ing between countries and worsen relations between them, calling 
forth political instability. It is clear that a continuation of this 
situation is likely to bring only negative results for the peace of 
the world. 

Besides this, the continuation of the existing situation would 
mean that the most recent scientific attainments in this field 
could not constitute a basis for joint scientific efforts among the 
countries, directed toward the discovery and the perfection of 
methods of using atomic energy for peaceful purposes. From 
this there follows only one correct conclusion, namely, that it is 
indispensible that there should be an exchange of scientific 
information between countries and that it is indispensible that 
there should be joint scientific efforts directed toward a broaden- 
ing of the possibilities of the use of atomic energy only in the 
interests of the raising of the material welfare of the people 
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and in the development of science and culture. The success of 
the work of this commission will be determined in a large meas- 
ure by the extent to which it solves this important task. 

The proposal for a wide exchange of scientific information 
is timely because it arises from the fact that such scientific dis- 
coveries as the discovery of methods of using atomic energy 
cannot remain for an indefiifite time the property of any one 
country or any group of countries; inevitably, it becomes the 
property of many countries. This confirms the necessity of a 
wide exchange of scientific information upon the problem before 
us and the necessity of elaborating measures in this field, includ- 
ing organi2ational methods. 

I have already stated ... the general position as regards the 
task and character and the activities of the commission for the 
control of atomic energy. In the development of this general 
position, I would wish, upon the recommendation of my gov- 
ernment, to lay before the commission two concrete proposals 
which in the opinon of the Soviet Government may constitute a 
basis for the adoption by the commission of a recommendation 
to the Security Council and thus play an important role in the 
task of strengthening the peace. 

The proposals are as follows: The first one concerns the 
conclusion of an international agreement for the outlawing of 
the production and application of a weapon based upon the use 
of atomic energy for the purposes of mass destruction. The 
second concerns an organi2ation of the work of the commission 
for the control of atomic energy. I will read the text of the 
first proposal. 

Draft International Agreement to Forbid the Production and 
Use of Weapons Based upon the Use of Atomic Energy for 
the Purposes of Mass Destruction. (There follows after this a 
list of &e signatory states, and the text continues:) 

Deeply aware of the extreme importance of the great sci- 
entific discoveries connected with the splitting of the atom and 
with a view to the use of atomic energy for the purposes of 
raising the welfare and standard of life of the peoples of the 
world, and also for the development of culture and science for 
the good of humanity; 
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Unanimously desiring umversal cooperation as wide as pos- 
sible for the use of all people of scientific discoveries in the field 
of atomic energy, for the improvement of the conditions of the 
life of the peoples of the whole world, the raising of their stand- 
ard of welfare and further progress of human culture; 

Taking account clearly of the fact that the great scientific 
discoveries in the field of atomic energy contain a great danger 
first and foremost for the peaceful towns and civilian popula- 
tions in case such a discovery were used as a means of applying 
an atomic weapon for the purposes of mass destruction; 

Taking note also of the great importance of the fact that, 
through international agreements, the use in time of war of 
sufiocating, poisonous and other similar gases and also similar 
liquids, substances and processes, and also bacteriological meth- 
ods have already been outlawed by common accord between 
the civilized peoples; and 

Considering that the international outlawry of the use of 
the atomic weapon for mass destruction would correspond in 
still greater measure to the aspirations and the conscience of 
the peoples of the whole world; 

Animated by an intense desire to remove the threat of the 
use of these scientific discoveries for the harm of humanity and 
against the interests of humanity; 

The high contracting parties decided to conclude an agree- 
ment to forbid the production and use of a weapon based upon 
the use of atomic energy, and for this purpose, appointed as their 
plenipotentiaries — (and here the list of plenipotentiaries will 
follow, whose credentials are found to be in due form) — agree 
as follows: 

AjK-TICLE 1 

The high contracting parties solemnly declare that they will 
forbid the production and use of a weapon based upon the use 
of atomic energy, and with this in view, take upon themselves 
the following obligations: 

(a) Not to use, in any circumstances, an atomic weapon; 

(b) To forbid the production and keeping of a weapon 
based upon the use of atomic energy; 
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(c) To destroy within a period of three months from the 
entry into force of this agreement all stocks of atomic energy 
weapons, whether in a finished or semi-finished condition. 

Article 2 

The high contracting parties declare that any violation of 
Article 1 of this agreement shall constitute a serious crime 
against humanity. 

Article 3 

The high contracting parties, within six months of the entry 
into force of the present agreement, shall pass legislation pro- 
viding severe punishment for the violation of the terms of this 
agreement. 

Article 4 

The present agreement shall be of indefinite duration. 

Article 5 

The present agreement is open for signature of all states, 
whether or not they are members of the United Nations. 

Article 6 

The present agreement shall come into force after approval 
by the Security Council, and after ratification by half the signa- 
ture states, including all states members of the United Nations, 
as under Article 23 of the Charter. The ratifications shall be 
placed for safekeeping in the hands of the Secretary-General 
of the United Nations. 


Article 7 

After the entry into force of the present agreement, it shall 
be an obligation upon all states, whether members or not of the 
United Nations. 

Article 8 

The present agreement, of which the Russian, Chinese, 
French, English and Spanish texts shall be authentic, is 4raw4 
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up in one copy and will be in the safe keeping of the Secretary- 
General of the United Nations. The Secretary-General shall 
communicate to all signatories a duly certified copy thereof. 

I would like now to read the text of the second proposal. 
It concerns the organi2ation of the work of the Commission for 
the control of atomic energy. 

Basing ourselves upon the decision of the General Assembly 
of the 24th of January 1946, concerning the setting up of a 
commission for the study of problems connected with the dis- 
covery of atomic energy and other related questions, and in 
particular upon Article 5 of this decision, stating the terms of 
reference of the Commission, the Soviet delegation considers 
it necessary to make the following proposals concerning the 
plan of the organization of the work of the Commission for 
the initial period of its activity: 

Part 1. The setting up of committees of the Commission, 
pursuing the aims indicated in the decision of the General 
Assembly to “proceed with the utmost dispatch and inquire into 
all phases of the problem and make such recommendations from 
time to time with respect to that as it finds possible.” 

In connection with this item, it seems quite necessary to estab- 
lish two committees which, as auxiliary organs of the Com- 
mission, would be responsible for a general study of the prob- 
lem of atomic energy and the elaboration of recommendations 
which the Commission might make for the carrying out of the 
decision of the General Assembly and other organs of the United 
Nations. 

It is proposed that there should be set up two committees, 
the first a committee for the exchange of scientific information. 
This committee would be set up for the purpose of studying 
point (a) of Article 5 of the decision of the General Assembly 
of the 24th of January 1946. Among the tasks of this com- 
mittee would be that of elaborating recommendations concern- 
ing practical measures for the organization of the exchange of 
information (1) concerning the contents of scientific discoveries 
connected with the splitting of the atom and other discoveries 
connected with the obtaining and use of atomic energy, and 
(2) concerriing the technology and the organization of techno- 
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logical processes for obtaining and using atomic energy; (3) 
concerning the organization and method of industrial production 
of atomic energy and the use of such energy; (4) concerning 
forms, sources and the location of raw materials necessary for 
obtaimng atomic energy. 

I come now to the second proposed committee, whose task 
would be to prevent the use of atomic energy for the harm of 
humanity. This committee should be set up in order to attain 
the aims set forth in points (b), (c) and (d) of Article 5 of 
the decision of the General Assembly. The task of this com- 
mittee would be to prepare recommendations on the following 
subjects: 

1. The preparation of a draft international agreement for 
the outlawing of weapons based upon the use of atomic energy 
and forbidding the production and use of such weapons and 
all similar forms of weapons destined for mass destruction. 

2. The elaboration and creation of methods to forbid the 
production of weapons based upon the use of atomic energy 
and to prevent the use of atomic weapons and all other similar 
weapons of mass destruction 

3. Measures, systems and organization of control in the 
use of atomic energy to insure the observance of the conditions 
above mentioned in the international agreement for the out- 
lawing of atomic weapons. 

4. The elaboration of a system of sanctions for application 
against the unlawful use of atomic energy. 

Part 2. The composition of the committees. Each com- 
mittee would be composed of one representative of each state 
represented in the Commission. Each representative may have 
advisers. 

Part 3- Rules of procedure of the committees. The rules 
of procedure of committees shall be drawn up by the Com- 
mission. 

Like the proposal for the conclusion of the agreement, these 
proposals which concern the organization of the work of the 
Commission are a practical means of advancing at the present 
time. The convention would be a conaete and important step 
forward in the direction of setting up an effective system of con- 
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trol of atomic energy. This measure would have an immense 
moral and political significance, and might strengthen the politi- 
cal stability in the world and the friendly relations between the 
peoples. 

The creation of the two committees that I have proposed’ 
with the tasks as I define them, would mean the adoption of a 
concrete plan of work of the Commission in the initial stages of 
its activities and would at the same time mean the adoption 
of the necessary organizational forms for the carrying out of 
Its work which would enable it to proceed quickly in the pro- 
posals of the broad exchange of scientific information and on 
questions related to the prevention of the use of atomic energy 
for the harm of humanity. 

The activity of the Commission for the control of atomic 
energy can lead to the desired result only if it is in full con- 
formity with the principles of the Charter of the United Nations, 
which are at the basis of the activity of the Security Council 
because the Commission is an organ of this organization, work- 
ing under the direction of the Security Council. 

Efforts made to undermine the activity of the Security Coim- 
cil, including efforts directed to undermine the unanimity of 
the members of the Security Council, upon questions of sub- 
stance are incompatible with the interests of the United Na- 
tions created by. the international organization for the preserva- 
tion of peace and security. Such attempts should be resisted. 

I considered it necessary to make this statement in order that 
from the very beginning of the work of our Commission I might 
make clear the position of the Soviet Government as regards the 
question of the character and basis of the work of the Commis- 
sion upon the question of the preparation of its recommenda- 
tions as regards measures of control of atomic energy placed 
before the Security Council. 

In conclusion, I wish to say that in this statement I aimed 
chiefly at underlining the extreme importance to be attributed to 
the conclusion of the above-mentioned agreement for the out- 
lawry of the production and use of atomic weapons. The con- 
clusion of such an agreement would constitute an important 
practical step in the direction of fulfilling the task which lies 
before the Commission. 
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THE INTERNATIONAL CONTROL OF 
ATOMIC ENERGY ^ 

You may think it odd that I should be dealing with a prob- 
lem of statecraft. For that I have two apologies One is that 
I had the privilege of working on these questions with a board 
of consultants to the State Department, The five of us had 
rather different backgrounds; and although we felt we were 
not qualified to discuss many of the more finely diplomatic 
aspects, the agreement that we reached, the intercourse and 
interchange of ideas that went into writing our report, gives 
me some confidence that the views I am presenting are not 
purely personal views. For another thing, it may be permitted 
that men who have no qualifications in statecraft concern them- 
selves with the control of atomic energy. For I think that the 
control of atomic energy is important, in part, because it 
enables us to get away from patterns of diplomacy which are, 
in some respects at least, unsatisfactory as a model for the 
relations between nations, and to set up instead a working 
relationship between the peoples of different countries, which 
has in it some promise for the future. 

I don’t need to review the arguments for seeking inter- 
national control: the appalling and revolutionary character of 
the weapon, the inadequacy of military defenses, the impossi- 
bility of any permanent monopoly which might protect us — • 
every American knows that if there is a third world war, this 
country will be wounded, maybe fatally wounded, will in any 
case come through it with nothing like the freedom from injury 
which we have had in the last two. Every American knows 
that if there is another major war, atomic weapons will be used, 
and that the problem we are dealing with is the problem of 
the elimination of war. We know this because in the last war, 
the two nations which we like to think are the most enlightened 
and humane in the world — Great Britain and the United States 
— ^used atomic weapons against an enemy which was essentially 
defeated. Under these conditions it is not thinkable that in any 

® By J. Robert Oppenheimer, University of California ; formerly Director of Los 
Alamos Laboratory ; co-author or the Acheson^ Report. Condensation of lectuxe at 
Cornell University. BulleUn of the Atomic Scientists. 1:1-5. June 1, 1946. 
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future major conflict, where the very life of a nation may be at 
stake, these weapons will not be used — they are much too effec- 
tive for that. 

This is an important thing to keep in mind, because it shows 
that we must ask, of any proposals for the control of atomic 
energy, what part they can play in reducing the probability 
of war. Proposals which in no way advance the general prob- 
lem of the avoidance of war, are not satisfactory proposals. 

The threat of atomic warfare and the rivalries for raw 
materials, for industrial capacity, for power plants, for technical 
know-how, for scientific experience, which are inherent in any 
struggle to maintain superiority in the field of atomic weapons, 
must not be allowed to persist and be in themselves a source of 
war. If you think of the dangerous situations which have arisen 
in the world because of the struggle for raw materials, far less 
critical than uranium, for oil, for instance, you will see what sort 
of thing I have in mind. 

One may say, since the problem is the avoidance of war, 
why do you not attack it more broadly and more generally? 
Why not start right away on some of the things that we know 
might lessen the danger of outbreak of war? What are they? 
Well, I don’t know, but I think when people say if we had 
universal disarmament, that is, if national armaments were for- 
bidden, this would reduce the chance of war, they have some- 
thing. When people say, if we had a world government, and 
if, on matters affecting the common security, the sovereignty 
of the nations was Hmited, they have something. And I think 
when people say that if we could provide for all peoples in 
the world a rising standard of living, and better education, and 
more contact with one another, better understanding of each 
other, and equal access to the technical and raw materials which 
are needed for improving the standard of living, they have 
something. It is not my intention to argue that these things 
should not be done ; that would be quite wrong They must be 
done. But I think that no one could have looked at the history 
of the world without being aware of the fact that progress in 
these fields is rather slow, and is likely to be very slow. I 
therefore wish to stress the fact that in the field of atomic energy, 
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certain of the difficulties which exist in other areas, are absent; 
and wish to suggest that in addition to a general effort all along 
the line, a specific effort focused on this one problem may have 
a very useful part. 

Now, what are the specific points about atomic energy? 
The main one is that one can set up a system of control. When 
I use the word can^ I mean it is consistent with the technical 
facts, it is consistent with the way ordinary people behave, it 
will work in a human sense and a technical sense. One reason 
for this is that it is a subject of the most extraordinary common 
concern. I know of nothmg which is of as little to the advantage 
of any men anywhere as that atomic warfare should break out; 
I know of nothing which is as sure to bring rum to all as that 
atomic warfare should break out. I know that in the exploita- 
tion of the constructive uses of atomic energy there is a diffuse, 
and at the moment not clearly defined, but sure benefit for all 
peoples. And I think that the overriding importance in this 
field of those interests which the various nations have in com- 
mon, and the relatively secondary importance, although not neg- 
ligible, of the separate national interests, is one of the points 
which makes this a field to make progress in. Another one is 
that it is a field that has not been limited in the freedom of 
action by centuries of tradition. It is a new field, and with 
the exception of the United States, it is a field of which it may be 
safe to assume that not a terrible lot of progress has been made 
elsewhere ; it is a field in which what you do now is not as much 
an eradication of past patterns as the building of new ones. 

If we ask, what are the methods by which one might con- 
trol atomic energy, one finds a rather surprisingly small number 
of ideas. I thiific no one would seriously argue that the world 
is such today that a convention saying, “we will not make atomic 
weapons, “ would have much value. This is a sad fact; it rests 
upon the lack of community, the lack of fraternity between 
various peoples, and the terrible strain which suspicion and fear 
will put on such convention. We know very well what we 
would do if we sign such a convention — ^we would not make 
atomic weapons, at least not to start with, but we would start 
out and build enormous plants, and we would call them power 
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plants — ^maybe they would produce power; and these plants we 
would design in such a way that they could be converted with 
the maximum ease and the minimum time delay to the produc- 
tion of atomic weapons, and we would say, this is just in case 
somebody two-times us; and we would stock-pile uranium, we 
would keep as many of our developments secret as possible, we 
would locate our plants, not where they would do the most 
good for the production of power, but where they would do 
the most good for protection against enemy attack. We would 
do that, and it is reasonable to believe that all other nations 
would do it, and with the secrecy which inevitably surrounds 
such undertakings, suspicions would be very hard to resist. A 
system of that kind is sure to collapse as international tensions 
grow — and they are sure to grow in one time and another. So 
people have thought of methods of reinforcing such conventions, 
and I have heard of three such methods, of which I wish to 
disparage two, not as wrong, but as inadequate, and of which 
I wish to speak up for one. 

The two control methods that I wish to disparage one may 
call the regulatory, and the retaliatory methods. By regula- 
tory approach, I mean the following: you may say, all right, let 
us sign this convention; we don’t trust one another, and there- 
fore the next step is to set up a system of control, whereby we 
can find out whether these conventions are really being observed. 
This is usually called inspection, and the idea would be this — 
that you leave in the hands of nations, or of nationals, as the 
custom of the country may be, the development of atomic energy, 
the production of power, research activities, the manufacture 
of fissionable materials. You super-impose on this national 
development, a super-national agency, a corps of refined police- 
men, whose job it is to go around and see that nothing is hap- 
pening that is contrary to convention There are really two 
points to this: first, you must see that no enterprises are being 
carried out which are not allowed, and second, you must see 
that the allowed ones are really doing what they say they are 
doing, and not doing something wicked on the sly. There is a 
great need for such regulation, and any system of international 
control will have some of it. But I, and the group I worked 
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with, felt completely desperate about the attempt to build this 
cops-and-robbers scheme into anything really ej0Fective, because 
it seemed to us the robbers always have the advantage and 
the cops are always dumb cops. It is true that you can’t mine 
uranium in the back yard, but there are lots of places you can 
mine it, and even the detection of uranium mining might be a 
difficult thing for an outfit which had no other purpose than 
detecting illegal activities. There is very much more than one 
way of going from the raw material to the bomb that we know 
of, perhaps four or five that work today, and we are quite sure 
that new ones will be discovered. I’m afraid the cops could 
never know about the new ones, only the robbers. The national 
rivalries which are permitted to exist under these conditions, will 
cause every nation to come as close to evasion as they can, and 
instead of having a situation in which it is to the advantage of 
the operators to do things safely, you will have it to the ad- 
vantage of the operators to cut corners just as much as possible, 
because the operators are concerned with their own national ad- 
vantage. You see a great plant that is going up, and you were 
assured that this plant has as its purpose only the production of 
power for this poor town that has never had enough, and you 
look at the records and it looks to you as though there were 
plenty of power there, and you have to begin worrying about 
what the real purpose of the people who are building this plant 
is, and purpose is a hard thing to establish. It’s very hard to 
tell whether a man is mining uranium because he is interested in 
cancer or interested in war. 

We came to the conclusion, not that one could survive 
without such regulation, but that such regulation must be re- 
duced, and that one must make arrangements for converting 
the regulatory agency into a research agency, a development 
agency, a constructively operating agency, if it was to have the 
people, the know-how, the skill, the progressiveness, and, in a 
general way, the power, to find out enough even to know what 
it was looking for. And that is a quite different thing fr6m 
national operation on which an international supervision or in- 
spection has been superimposed. 
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Now, the retaliatory approach may also have something in 
it; but I think it hasn't in the form in which it is usually pro- 
posed, that IS the following: let us make a certain number 
of bombs, 100, 250, and let us give them to an international 
agency, then this international agency will be able to punish any 
state which starts atomic warfare, or which even looks as though 
it were going to start atomic warfare. It would be an easy thing 
to prevent war if you could be sure that whenever any national 
action were contrary to the general interests, all other nations 
would gang up and stop it. But experience shows that this 
tends not to be true, that very broad cleavages occur, differences 
of opinion, vacillations, and that you do not have that effective 
operating unity which enables you to put your finger on the 
transgressor. 

Then, I think that atomic weapons are singularly unsuited 
as police weapons — they are much too much weapons of total 
war. And in the third place, you may say about bombs that they 
are international, and may paint them with the colors of the 
United Nations, but you have to put them somewhere, and if 
you put them somewhere they are capable of being seized. Now 
any international control scheme is in some respects an invita- 
tion to seizure, but this one is an invitation to seizure which 
pays off in aggression immediately — ^there is no delay between 
the time you seize the bombs and the time when you can do 
damage with them. This temptation, in times of international 
trouble, would be just one of the things that is most likely to 
set off a conflict. 

We said: let us take the fact that this is a field in which 
useful things can be done, but are hard to do; let us aeate an 
international organization responsible for developing atomic 
energy, for getting what good there is out of it, and in the 
same time for protecting the world against its destructive uses 
This is an easy thing to say, but what does it mean? It means 
that all those critical activities which are or may be essential fot 
going from the mine to the weapon, are not to be conducted 
by* nations or by nationals — ^they are not even to be conducted 
under license by a company or a national atomic energy com- 
mission. Things like the mining of uranium, which is a unique, 
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indispensable raw material, are to be done by an international 
authority; things like the building of power plants, which make 
fissionable materials or which may make fissionable materials, 
things like the separation of isotopes to get explosive materials, 
these are jobs which are too easily diverted, too trigger-happy 
to be left m national hands. This means that one would regard 
the mining of uranium by a national operator as a violation of 
the convention — ^you wouldn't have to ask whether this mining 
is being conducted for a legal or an illegal purpose — the fact of 
the mining would be illegal. This means that the construction 
of a primary plant, a primary reactor to make plutonium, and 
to m^e power at the same time, would be an illegal activity 
for a nation ; this means that research on atomic explosives, which 
I think must be undertaken, because unless you Imow what the 
possibilities are, you will not be prepared to prevent their realiza- 
tion, would be an illegal activity for a nation or for nationals 
— it would be legal only if conducted by an international organi- 
zation, which we called "The Atomic Development Authority” 
in order to suggest at least two important aspects of its function 
— ^it must have very wide authorities, and it must really make for 
development. 

Now, let me go over it again. The Atomic Development 
Authority would be responsible for mining uranium and thori- 
um', this is a matter which requires a great deal of detailed 
study, because we don't know enough about the geological 
distribution, we don't know what the possibilities are of working 
low-grade deposits — deposits under about a per cent are normal- 
ly not taken seriously. These are problems -of development and 
research; we want them to be undertaken internationally, so 
that the body which is trying to protect the world, will know 
more about the dangers and about the possibilities than all the 
other people in the world. You never get experience in mining 
uranium by sitting at a desk talking about how other people 
are mining it — ^you've got to get into the field and get your 
hands dirty. This would mean that the Atomic Development 
Authority would be in the position to say, let’s not mine the 
uranium here, because it’s too hard to prevent diversion, let's 
not worry about this mine, because in it the by-product uranium 
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doesn’t amount to enough to be a danger, but in this mine, the 
by-product uranium is so important, that we’ve got to have really 
close control, even though the mine claims to be, in large part, 
a mine which is putting out vanadium. 

At present, there are no power plants, and the first thing 
the Authority would have to do is find out how to make them. 
This I think, will be a matter of years, not decades The au- 
thority would then start building such plants, taking into ac- 
count the following factors ’ first, where is power needed ; second, 
how can we do this in such a way that in no one political sphere 
of influence in the world, in no one nation, is there a preponder- 
ance of these plants, which, if sei2ed and diverted, can in time 
make atomic explosives. How can we make these plants so that 
their seizure and diversion is as little profitable as possible, so 
that the time needed to convert to the manufacture of explosives 
is as long as possible.^ These are then some of the questions: 
the economics of the power, sociology of the power, strategic 
balance to make diversion and seizure an unprofitable business, 
safe design. These are things that you cannot do by regulation ; 
you can only do them by operation. 

As far as research is concerned, most of this has no essen- 
tial danger in it. At least, it is not my view that knowledge 
IS the source of danger ; the source of danger is weapons. There- 
fore, it was our hope that the Authority would conduct its own 
investigations, but would in no sense attempt t6 have a monop- 
oly, even on those investigations which bear directly on the 
release of atomic energy There is only one field in which we 
felt it desirable that there be a monopoly in research, and that is 
with atomic explosives, and I think the reason for that is obvious 
— there is no reason why a nation should explore this if it does 
not wish to use it. There is reason why the international or- 
ganization should explore this, because it has the responsibility 
for seeing that no one does this, and unless it knows what the 
‘"this” is, and can define it, it can’t see to that. 

We were aware that in setting up a monopoly, which might 
in the course of twenty years produce a very substantial part of 
the power of the world, and which would be very important 
to the economy and life of the nations, had some dangers, and 
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this we thought we could meet in the following way: Many 
of the constructive uses, which have to do with making tracers, 
operating small reactors for research purposes, using radiation 
to study changes of biological and chemical systems, are not in- 
trinsically dangerous. You can set the reactors up so that they 
do not make enough fissionable material to be significant from 
the point of view of atomic weapons. You can set them up 
so that the material contained in them is (a) not enough to 
make atomic weapons, and (b) not very useful for that purpose, 
— ^being in such a state that you’ve got to doctor it in a rather 
long process, before it can be used for bombs. 

Another thing one can build power plants, instead of pro- 
ducing additional plutonium, or other fissionable material, burn 
it up, and a plant of that kind is in many ways very much 
easier to inspect, because if any one diverts any of the material, 
the plant has to shut down, and this is a rather easy thing to 
notice. It can be designed in such a way, that you can't smuggle 
uranium or thorium into it, and convert them into fissionable 
material, without that being observable to the most casual in- 
spector You can use in such plants active materials which ate as 
unsuitable and as difficult and as inefficient for making of atomic 
explosives as possible, and therefore reduce the temptation to 
seizure. 

These then, we thought, were the kind of developments 
which could and should be left to national or private exploita- 
tion: research, of course, whether it bears on radiations, or on 
power, or on atomic energy, or on anything else but atomic 
explosives; the use of tracers, the industrial and medical use of 
radiations, and the power plants which are, by the material in 
them, and by their design, and by the fact that they are destroy- 
ing rather than creating explosive material, rather easy to inspect 
— not so that you can forget to watch them, but so that the 
watching is a fairly straightforward task. We thought that it 
would be a great advantage if these things were left free for 
competition, under a system of licensing and inspection, because 
this will lead to an intercourse and a connection between the 
technical people of the international authority and the tech- 
nical people who are not part of it. This will produce several 
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benefits: In the first place, if you have a total monopoly, you are 
always in danger that something will go sour with the organi- 
zation, and the people will become second-rate, they will get 
to be friends with each other, and will no longer be exposed to 
the necessary criticism. In the second place, if you have no 
organic relation with national undertakings, you will have a 
much harder time finding out whether they have any dangerous 
tendency or not. If you are working in a national laboratory, 
trying to show people how to use a reactor, and also watching 
so that nothing wrong be done with this reactor, in the dual role, 
that is, of a helper and an inspector, you’re going to pick up 
the gossip of that laboratory, you’re going to be free to pass on 
the gossip of your own outfit, and there is probably no better 
way of really having cognizance of what is going on. 

This does not in any way eliminate the need for inspection. 
What I have tried to indicate is that it simplifies the problem 
enormously, because you have valid points of contact with na- 
tional industry, because you are looking, not for a purpose be- 
hind an operation, but for the existence of an operation ; because 
you are not a man who is trying to keep up with someone who 
is running much faster than you can, but the top guy, who knows 
as much or more than is known to any other group, because it 
is your job to know it. 

This, then, is the pattern we had in mind: The setting up 
of a genuinely International Development Authority, entrusted 
with the dual function of rapidly developing the beneficial uses 
of atomic energy, and of being responsible for preventing its 
abuse \ the licensing of activities which would not make for 
national rivalry, which do not lend themselves to the making 
of weapons, but which are technically closely enough connect^ 
with the atomic energy problem, so that by their licensing one 
would have established a living relationship between national 
and international experts. 

Now the questions of what this Authority might look like, 
how it is set up, what sort of procedures it has got to follow — 
those are extremely complicated, and there are two kinds of con- 
siderations, involved in the process of arriving at agreement on 
them. One has to distinguish very clearly between considera- 
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tions which are essential for the workability of the plan of in- 
ternational control, and those which may make this plan ac- 
ceptable to one nation or another. There are many problems we 
must explore, but I think it is meaningless, at the present time, 
to lay down a schedule which would fully protect the United 
States and be ideally suited to the securing of our own national 
interest, because this is the job which the U.N. Commission must 
undertake. The Commission must attempt to find some work- 
able compromise between the conflicting national interests. In 
doing so it must come back again to the fact that, although 
these interests do conflict, these conflicts are trivial compared to 
the overwhelming common interest in getting the security we 
are after. 

What kind of security is it? It is not the elimination of war, 
and, as we have said, if war breaks out, youU have atomic 
bombs. It is a guarantee that at a given time there are no atomic 
bombs, that no nation is either mining uranium or processing 
fissionable material, or manufacturing bombs, or set up to do 
any of these things. If this plan works, the first step which 
would have to be taken by a nation bent on aggression is either 
the seizure of the facilities belonging to the Authority or the 
violation of the convention by which the nations agreed not to 
build certain kinds of plants, not to mine certain ores. Now 
this may happen — but I don’t think it will, because the nation 
doing it will be coming out and saying, 'We’ re going to ma k e 
atomic war,” and gives you a clear warning. Now the time 
might not be very long; it may be a year, maybe somewhat long- 
er, conceivably even somewhat shorter, before the seized fadlities 
or the new facilities which a nation can build, will make major 
atomic warfare possible. But the violator will have raised 
the brightest red flag he can, and every other country will know 
that they are in for it. Now this is, I think, about as much as 
you can expect if you want to use retaliation as a method of 
preventing atomic warfare. You can insist that the danger sig- 
nal flashes early enough and that it be clear enough, so that 
there can be no mistaking the fact and purpose of a violation. 

Now, that is one advantage. The other is that the Au- 
thority can really get ahead with the uses of atomic energy. I 
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don’t regard this as the thing that, in itself, would be worth all 
the fuss, but the point I have tried to make, is, that if you don’t 
try to develop atomic energy, you can’t control it — you can’t say 
first we will control it, and then we will develop it, because the 
developmental functions are an essential part of the mechanism 
for control. 

Third, the plan w^ bring together, in a constructive, col- 
laborative effort, men of various nations, on a job of vital inter- 
est to the maintenance of peace, and the furtherance of human 
welfare. This is something rather new, you will get, not only 
ambassadors, but chemists and physicists, and business men and 
engineers, working together with a purpose which is completely 
common, and in which they will find out how to overcome their 
national differences, because there is nothing in the set-up which 
exacerbates their national differences It is a scheme in which 
the extreme nationalism, which we all feel to be the true poison 
of today in the world, will have no place, and in which the 
sense of fraternity and common understanding will have a chance 
to get some place. 

It will do more than this, because by removing from the 
world the fear which you don’t know today, but which five 
years from now, eight years from now, you would otherwise 
know in the most terrible form, the fear that any day now, an 
attack may be coming, it will remove one of the most frightful 
causes of war itself. Mark my words, if there is no international 
control of atomic energy, the next war would he fought to pre- 
vent an atomic war, but it will not be successful. It will do 
more than this, because once you have started a program like 
this, it becomes a natural for many other problems. I don’t know 
very much about bacteriological warfare, but it is clear that the 
purpose of it is to infect the enemy and not infect yourself, and 
it is clear that even more than atomic energy, it rests on secrecy — 
plans of this kind simply cannot be carried out if the enemy 
knows what you’re going to do — ^he will take the same steps to 
protect himself that you are taking to protect your own popula- 
tion. And it is also clear that in the field of bacteriology and 
immunology, generally, there are constmctive aspects I don't 
see any reason why, once a plan of this kind has been tried and 
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works, problems of health, of immunology, cannot be internation- 
alized, too I think that this would have many advantages, from 
a technical point of view, and would almost completely eliminate 
the threat of bacteriological warfare. 

Another point — ^we all know how acute rivalry for raw ma- 
terials has been, and what a part it has played among the causes 
of past wars. It was so recognized in every declaration this coun- 
try has ever made about access to raw materials. Well, I think if 
one can solve the problem of uranium one can solve the problem 
of oil, and I think that here again there is a healthy pattern for 
extension. And I would go a little bit further and say, if you 
have managed to have a working arrangement whereby you forego 
the worst of all arms, the most effective of all arms, the one you 
would want to use first in surprise, you have made a big breach 
in the problem of disarmament, and it should not be quite so 
hard, once that has been done, to generalize disarmament to other 
weapons of mass destruction, and, in fact, to other weapons of 
war. 

Now, you may ask, what is going to happen now,^ Well, 
there will be a meeting of the United Nations Atomic Energy 
Commission, which is a sort of Security Council with its cap on 
sideways, but which is attended by certain scientific advisors. Pre- 
sumably, the ideas that people have bad about inspection, about 
retaliation, about development, about the A.D.A., will all be aired, 
and I hope they will be very thoroughly aired. And if there is 
any agreement on what we are heading for, then there will be 
much discussion about how to get there, what to do about raw 
materials, how to get started, when to stop making bombs, what 
to do with the bombs we have, what sort of accounting do we 
want, when do we reveal what we know about nuclear physics, or 
about metallurgy, and so on. These are very tough problems, 
and it’s going to be a terrible game of poker, but if you keep in 
mind that the poker aspects of it are secondary, that the main 
thing is to get agreement on a system that will provide security, 
then I think it looks, not cheerful, — and I should not want to 
have said anything that sounded cheerful, — but so worth trying, 
that one cannot fail to get into it. 



186 


THE REFERENCE SHELF 


If, as a result of these discussions, there is something to agree 
on, it will have to be worked into a treaty or charter, because, the 
United Nations Commission has no power — it is only empowered 
to study, and its power to study is limited by our willingness to 
make information available — ours as well as of all other nations. 
Any delegate can say, "I can't say any more, my government or- 
ders me not to," or "I can’t make any more concessions, and I 
might as well go home." It is a study group; but if this study 
group manages to produce a document, that document will call for 
an entirely new kind of international outfit, an Atomic Develop- 
ment Authority, and that authority, once constituted, will have 
nothing in it corresponding to the veto power in the Security 
Council; it wiH be an outfit which may not have the power to 
compel compliance, but which will know the difference between 
compliance and noncompliance. The failure of any major nation 
or any nation which plays a key part in atomic energy to join, will 
mean the scheme doesn't work; if any nation walks out, the 
scheme is dead; but as long as it lasts, it will be an international 
authority different from anything we have in the world today; its 
law will be superior to the law of the land — it will be enforced by 
the law of the land; and it will be an organization in which 
people of different countries will work together, forgetting what 
countries they came from, because they've got a common job to do 
— ^not forgetting entirely, just as one doesn't forget that one is 
from Georgia, but forgetting when it gets in the way. 

The putting of such a plan into effect will require ratification, 
and if the United States accepts it, it is going to give up certain 
advantages which we possess today — ^which we are sure we would 
lose anyway, but which we will be scheduling to lose probably 
faster, than we would otherwise lose them. We are going to 
give these advantages up, and we are going to make it a crime 
for an American to mine uranium or for the government of the 
United States to mine uranium, we are going to make it a crime 
for an American or the government of the United States to process 
plutonium; we are going to leave these things, as are all other 
nations, to an outfit which has the security of the world at heart. 

It is quite clear that this is a long road, I have the feeling 
that we have come something of a road already, but it is also quite 
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dear that to teach the end, will call for a spirit rather different 
from that that has animated most international discussion, in 
which the separate national interests have been the overwhelming 
consideration. 


HOW TO CONTROL THE ATOMIC THREAT ^ 

The world-shaking discovery of atomic power, the greatest 
since the discovery of fire, can have only one of two end-results: 
either the unparalleled shattering of our civilization through 
atomic blasts , or an unparalleled era of peaceful science and mass 
happiness. Because of the Industrial and Atomic revolutions, one 
of two solutions of the problem of lasting peace has become 
entirely possible for the first time in history: either the conquest 
of the ruins of the world by a world dictator ; or the conquest of 
ruinous wars by an effective organization of peaceful peoples. 

Today, and during a few short years, it lies in the power of 
the English-speaking democracies, in cooperation with other 
peaceful nations, to determine which of these two patterns will 
shape the present and future history of humanity. The pattern 
of lasting peace will depend entirely on the capacity of the United 
Nations leadership to devise and firmly to establish now a world 
collective front against any aggressor, based on the permanent and 
effective control of atomic and heavy arms. 

The natural saentists have unlocked the eternal secret of 
atomic structure. It temains now for the social scientists to create 
a new social structure, lest the atom destroy man. 

1. The Basic Cause of War, Whenever there is no adequate 
central authority to protect the many against the violence of the 
few — ^be they individuals, groups or nations — ^aggression is in- 
evitable. In the family of nations today, there is no adequate 
central authority. The government of each state is a law unto 
itself, free to rearm or attack as it deems fit The basic cause of 
aggressive wars, therefore, is the age-old anarchy of sovereign 
states and the lack of an adequate central authority. . , . 

* Ely Culbertsoa, Bridge Authority ; Author of Total Peace and other works. 
I3p, Total Peace, Inc. 16A E. 62d St. New York, 1946. 
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It will be shown later that there is overwhelming scientific 
evidence that, by use of modern methods, wars of aggression can 
be eliminated, even though this was impossible in the past It 
may be excusable for an ignorant politician or a narrow-minded 
military man to rush in where a more careful thinker fears to 
tread. But this basic assumption of tlie ‘'inevitability** of war 
explains the gangrene of moral defeatism that pervades so many 
of our intellectuals, editors and statesmen, causing them to 
flounder in shallow waters, seeking* all sorts of ersatz solutions, 
rather than grapple with the central problem of the anarchy of 
sovereign states. The least one can ask of them before they 
choose to advise the American people, is to suspend their judg- 
ment until with fresh and open minds they reexamine the ques- 
tion of whether wars of aggression are really inevitable. For on 
the answer to this question now depends not only the immediate 
policy of the Umted States, but probably the very survival of 
civilization. 

2. The Causes of Our Era of Total Wars. Even before the 

atomic discovery, humanity found itself in an unparalleled era of 
total wars and turmoil. The general cause was the breakdown of 
the ten-thousand-year-old pattern of the agricultural civilization, 
brought about by the Industrial Revolution. The specific cause 
lay in the revolution in communications and in the nature of 
military weapons. As a result of scientific discoveries, we have 
entered the age of gigantic, intricate fighting machines — ^armored 
ships of land, sea and air. To produce these heavy arms it is 
necessary to utilize the resources of entire continents and the man- 
power of scores of milhons. i 

3. The New Atomic Arms. C^he atomic bomb and other 
atomic weapons yet to come are the culmination of this revolution 
in the destructiveness of scientific weapons. We must guard 
against three d^dly fallacies in connection with the emergence 
of atomic arms^3 

A. It is naive to assume that the utter destructiveness of 
atomic arms will bring humans to their senses and automatically 
inaugurate a new era of lasting peace. We cannot entrust the 
future of the world to the childish assumption that a clique of 
greedy or ideological fanatics in control of a government will 
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voluntarily abstain from using atomic bombs. History shows that 
conquerors and fanatics, when in possession of new destructive 
weapons, have been far more encouraged by their chances of 
success than deterred by the horrors of war. And the very nature 
of atomic weapons makes it possible for a clique in control of a 
government to destroy overnight by a stealthy attack the vital 
centers of nations thousands of miles away. 

B. Some authorities advocate the establishment of worldwide 
democracy, or removal of the economic causes of war, or educa- 
tion to change the hearts of men, as the best means to insure pro- 
tection against the atomic threat. All of these will help greatly 
But so long as men in control of any government can rearm with 
impunity or attack a divided world with chances of success, just 
that long will there be wars of aggression. And just that long 
will the cloud of the atomic bomb hang over every home in the 
world. 

Before the age of the atomic bomb, there was time for the 
economists, the educator and the minister to carry out the gradual 
and gentle improvement of the world. Today their work will be 
in vain unless we first remove the terrifying threat of atomic 
weapons Prime Minister Attlee said very truly: “Unless the 
forces of destruction now let loose are brought under control, then 
it is vain to plan for the future." 

C There are many others who hold to the fallacy that as a 
result of atomic bombs other fighting machines and mass armed 
forces have become obsolete This may be true in a generation or 
two, when the dawning atomic revolution may replace our indus- 
trial revolution. Until then atomic arms, however devastating, 
are but a part of the complex modern war machine. 

If another war comes, it will be fought with atomic weapons 
and other fighting machines. Plants will be dispersed and na- 
tions will burrow underground. Atomic bombs will be much too 
scarce to destroy the thousands of isolated targets which it will be 
necessary to destroy if the will of a desperate enemy is to be 
broken. And even though the depredation of atomic weapons 
wiU be enormous, vast masses of trained men equipped with tanks 
and guns and protected with air and sea fleets will have to move, 
sooner or later, into the enemy's territory so as to deprive him of 
his means of production and use of atomic weapons. 
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It follows that an effective international control of atomic 
weapons will not be possible in the foreseeable future without a 
corresponding international control of heavy fighting machines. 
Atomic and heavy arms are mutually dependent, and control of 
one necessarily implies control of the other, 

4. The T me Factor, Today the United States is the mighti- 
est nation of all time. But this immense power is temporary. 
The same Industrial Revolution that made the United States the 
greatest producer of heavy fighting machines and the initiator 
of the atomic revolution is rapidly industrializing other nations 
with overwhelming manpower and greater resources. Under the 
present tempo of industrialization, Russia, which is already the 
second largest industrial nation, is rapidly approaching America's 
productive capacity and will inevitably surpass it. This does not 
mean that Russia will in fifteen years equal America’s know-how 
in every industrial field. But even an incompletely industrialized 
Russia will outproduce the United States in fighting machines, 
creating in the heartland of Eurasia an impregnable bastion of 
scientific weapons. The reasons are Russia’s greater manpower 
and resources, mthless totalitarian regime, and far superior stra- 
tegic position in the heart of the Eurasian continent, with a power 
vacuum in Europe, the Middle East and the Far East Behind 
Russia there loom other vast, hitherto dormant nations which are 
also becoming rapidly industrialized and will soon learn how to 
make fighting machines. 

The time of decisive superiority given to the Anglo-Americans 
by the atomic revolution is far shorter. True, even when other 
states produce atomic arms, we will stiU retain a lead in the pro- 
duction of atomic weapons and the indispensable raw materials. 
But this lead will be ephemeral. Even now Soviet Russia, with 
her satellite states and half of Germany, is undoubtedly making a 
gigantic effort to catch up with us and surpass us. Not only 
Russia — ^but France, China and all other states will strive des- 
perately to acquire the most precious weapon of history. 

Thus history has imposed upon the United States a fateful 
time table. The maximum limit of this time table is less than 
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twenty years for industrial supremaqr, and probably only a few 
years for atomic superiority. As Winston Churchill stated: 

So far as we know, there are perhaps three or four years before 
the great progress in the United States can be overtaken. In these three 
years, we must remold the relationships of all men of all nations in 
such a way that these men do not wish, or dare, to fall upon each 
other for the sake of vulgar, outdated ambition or for passionate differ- 
ences in ideologies, and that international bodies by supreme authority 
may give peace on earth and justice among men. . . . From the least 
to the greatest, all must strive to be worthy of these supreme oppor- 
tunities. There is not an hour to be wasted; there is not a day to be 
lost. 


A system for international control of scientific weapons must 
be both effective and acceptable. To be effective, it must be 
based, not on mere promises of governments of sovereign states, 
but on a common, organized authority with power to carry out 
and enforce these promises. At the same time, a system must be 
politically acceptable to a substantial majority of the American 
people and to most of the other states. 

The minimum requirements for an effective system are: 

A. A central authority must be established in which aU states, 
large and small, are fairly represented, and which acts by a 
simple majority vote (no veto right) . 

B. This central authority must have at least two powers 
delegated by the member states, one dealing with the production 
of atomic and heavy weapons (prevention of aggression), and 
the other power dealing with the use of these or other weapons 
(defense against aggression). 

C. To support these two delegated powers, the central au- 
thority must have at its direct disposal an adequate armed force 
independent of the power politics of member states. 

The minimum requirements for an acceptable system are: 

A. The sovereignty of aU member states must be preserved, 
except for the right of unrestricted production of atomic and 
heavy arms, and the right to wage aggressive war. 

B. Each state must retain its ability to defend itself with its 
own national armed forces and armaments. This includes the 
right to maintain by friendly arrangement leased bases outside its 
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own territory for the sole purpose of strategic defense, not spheres 
of influence In the case of the United States, this specifically 
naeans a strategic 2one from Iceland to Thailand, including some 
of the former Japanese bases in Indo-China, Thailand, and the 
Netherlands East Indies. As a result of the atomic revolution it 
is indispensable that our strategic zone be anchored on the Asiatic 
mainland, rather than ending nowhere, in the Pacific islands. 
For it may be necessary for American land forces to move in 
quickly against some Asiatic dictator. The duration of these 
leased bases is the time necessary to establish and test in actual 
operation the international organization for control of scientific 
weapons and for collective defense. 

C. In view of previous commitments, the United Nations 
Charter must not be abandoned, but extended or improved, 
wherever feasible, to meet the new atomic threat. 

D. In the special case of atomic arms, the United States, 
Britain and Canada must retain the right to preserve their existing 
superiority in the production of atomic weapons until the United 
Nations Organization is adequately strengthened. After that, all 
information will be mutually exchangeable among member states. 

Even before the atomic bomb, the terrifying power of fighting 
machines had pushed humanity to the edge of the abyss. Most 
of the social engmeers were running around like squirrels in a 
cage, some with economic cure-alls, some with visions of a United 
States of the world, some with the bullet-ridden Covenant of the 
League of Nations, and some, fancying themselves as power 
politicians, with an amateurish revival of the Holy Alliance. Can 
any of their "solutions” meet the atomic threat.^ 

There are two historical t 3 q)es of international organization — 
the federal type (such as our Federal Union) and the league type 
(such as the United Nations Charter) . The federal type has the 
necessary requirements to make it eflPective ; but it requires drastic 
limitation of sovereignty and therefore is unacceptable. The 
league type, on the other hand, has the minimum requirements to 
make it acceptable; but it has none of the essential requirements 
to make it eflFective The United Nations Charter is admittedly 
only a beginning. But its present stmcture makes it absolutely 
impossible to prevent any major power from piling up, secretly 
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or openly, all kinds of atomic and heavy arms or engaging in 
aggressive war. In fact, the right reserved for any of the Big 
Five to veto any decision of the World Security Council dealing 
with preparation for or waging aggressive war, even when the 
vetoing state itself is the aggressor, encourages rather than dis- 
courages an atomic armament race and aggression. 

The third “solution” is permanently to entrust the United 
States, Britam and Russia with the world monopoly of control 
and regulation of atomic arms. In the first place, this is un- 
acceptable because, as President Truman stated, the Anglo-Ameri- 
cans have no intention of giving up to Russia their atomic secrets. 
Even when Russia achieves her own production of atomic arms, 
this proposal will still be inefiective because it does not take into 
account the probability that the Big Three may seriously disagree 
among themselves or engage in a disastrous atomic armament 
race. It is pure faith-healing. Paper agreements among the 
governments of the Big Three or the Big Five are not enough. 
Their word may be as good as gold. It never has been as good 
as steel. For the United States to fritter away its enormous 
present superiority and to base its whole destiny on the mere 
assumption that great powers will lastingly cooperate in the 
future, would be political folly without parallel in world history. 

The fourth proposal is to utilize the present enormous superi- 
ority in atomic and heavy arms of the Anglo-Americans to estab- 
lish, by force if need be, a Pax Anglo-Americana with rigid 
worldwide control of atomic weapons. If there were no other 
way out, this would be the most logical solution. But it would 
also be the most tragic solution. A world co-dominion by the 
United States and Britain could be achieved only at the price of a 
catastrophic war against Soviet Russia, with the probable destruc- 
tion of democracy within the United States and Britain. We 
would dissipate our aeative energies keeping the lid on a con- 
quered world, instead of helping the world to build in freedom 
a new, imdreamt-of civilization. Not it is likely that the Ameri- 
can people could be induced to wage a preventive war against 
Russia during the next three years, which is the aitical time dur- 
ing which Russia will be relatively weak. 
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Thus, we cannot solve modern problems of atomic engines of 
destruction by antiquated methods. We must usher in, together 
with the age of atomic energy, the age of organi 2 ed law to termin- 
ate the anarchy of sovereign states. This can be done, and done 
now, by means of the Quota Force plan. 

The Quota Force plan proposes the immediate reorganization 
of the United Nations Organization so as to make possible the 
permanent limitation and control of scientific weapons (atomic 
and heavy) and guaranteed mutual defense of member states 
against armed aggression. This immediate reorganization is justi- 
fied on the grounds of the Atomic Revolution, and can be carried 
out by means of basic amendments to the United Nations Charter, 
offered by the government of the United States. If within a time 
limit of ninety days the basic amendments are not adopted, then 
the United States can make use of an alternative method for 
worldwide adoption of the Quota Force plan This alternative 
method (always assuming that the amendments-method is re- 
jected or delayed) is called the Federative Alliance. It can 
operate within the United Nations Charter as a simple regional 
arrangement. 

The Federative Alliance is a new limited federation, imple- 
mented by a federative authority, or government, with limited, 
delegated powers. The Federative Alliance will be oflfered by the 
United States simultaneously to Britain, France, Russia and China. 
When any one (or more) of them accepts and subscribes to the 
basic treaty, the Federative Alliance is established. The major 
states which do not accept may join the Federative AUiance later 
at any time If they do not join, they may not be threatened or 
coerced. When established, the Federative Alliance is auto- 
matically open to all the lesser states. 

The basic amendments to the United Nations Charter pro- 
posed by the United States wiU incorporate the following pro- 
visions, to which all member-states subscribe: 

A. Mutual defense of their territories. These territories are 
specifically set forth in the basic amendments. 

B. Renunciation of aggression. An act of aggression is 
specifically defined in the basic amendments as (1) an attack 
with weapons of violence by a sovereign state or its citizens 
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against the territory of another sovereign state; (2) violation of 
the agreed controls over scientific weapons. 

C. Changes in the structure of the Security Council, elinoina- 
tion of the veto power, and delegation by member states of 
specific powers to deal with aggression. 

D. Limitation and control of the production of atomic and 
heavy arms in accordance with a specific production quota for 
each major state and a collective quota for the lesser states. The 
specific production quotas are set forth in the basic amendments. 

E. Establishment and maintenance of a World Peace Force, 
with a special International Contingent. 

The Security Council shall consist of ten members — two from 
the United States, two from Britain, two from Soviet Russia, one 
from France, one from China, and two selected collectively by the 
lesser states. Although all lesser states enjoy the same sovereign 
rights and privileges as the major state, they are treated for the 
purpose of representation as a collective unit, as though they were 
a single major power. Later, the Middle East shall have one 
Trustee, and eventually Germany and Japan shall also have one 
Trustee each. . . . 

It is evident that a guarantee by the might of the United 
States of the, agreed territories of Britain and other nations against 
any aggressor would automatically secure the adherence to the 
Federative Alliance of four fifths of the nations of the world, in- 
creasing by that much the future defensive power of the United 
States. At the same time, any risk for the United States of being 
involved in "wars not of her own making" would be negligible. 
Any nation that would dare to attack a mutual defense system 
that included the United States and four fifths of the world 
would be courting disaster. 

The member-states delegate to the Council (whether it is the 
improved Security Council of the United Nations or the Council 
of Trustees of the Federative Alliance) three specific powers, all 
dealing with the elimination of aggressive war: 

1. The power to inspect the territories of all member states, thus 
insuring the observance of the previously agreed quota limitation and 
controls of the production of scientific weapons. 



196 


THE REFERENCE SHELF 


2 The power to organize and manage a special armament trust 
to produce and control scientific weapons for the collective account of 
the lesser states 

3. The power to organize and use a special International Con- 
tingent (recruited from the lesser states) as shock troops to enforce 
the Quota Limitation and controls, and to prevent aggression by or 
against member states. 

The decisions of the Council are made by a simple majority 
vote (no veto right) within the scope of these three delegated 
powers. 

In all other respects the sovereignty of each state is preserved 
as heretofore. In this manner, we obtain an effective and ac- 
ceptable federative structure which is neither a league nor a world 
state, nor a compromise, but an entirely new type of international 
organization, created to fit modern conditions. The United States 
and other member states give up only the sovereign **right” to 
prepare for or to wage wars of aggression — a right which the 
American people have been willing to give up long ago. . . . 

A large staff of inspectors, maintained by the Security Council 
will have the right of access to all laboratories, factories, mines, 
etc., in all member states. Individuals or groups who are found 
guilty by the High Court of violating the Quota controls will be 
subject to severe penalties. Governments which directly or in- 
directly support such violations will be deemed aggressors. Any 
member state opposing the right of inspection of the Quota lim- 
itation in its territory, or the right of the High Court to judge 
through a local jury and punish their citizens if found guilty of 
violations, will also be deemed an aggressor. 

There will always be a time-lag between the conversion of 
peace plants into war plants and the accumulation of enough 
heavy armament for extended aggression. The Quota Force 
formula makes it impossible for any would-be aggressor to take 
advantage of this decisive time-lag. 

The Formula for the Quota Control of Atomic Arms: In the 
case of atomic weapons, the goal must be the total abolition of 
the use of atomic energy for purposes of destmction. Should 
this be unacceptable at present, the Security Council must establish 
the same Quota Force limitation of production, with the same 
individual and collective quotas, as in the case of heavy weapons. 
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The total world production of atomic weapons must be set low 
enough to prevent irreparable destruction of the civilized centers 
of the world. The scaets and the processes of production shall 
be mutually exchangeable among member states. 

The Security Council will at all times have the right to in- 
spect not only the laboratories, factories and other centers of 
production, but every step in the process of production of atomic 
energy, from the mining of the pitchblende and other raw ma- 
terials to the finished product. This right of inspection shall 
extend to the member states not yet producing atomic energy, in 
order to be sure that no state is producing atomic arms in secret. 
The recent war controls of the production of metals, particularly 
rare metals, have demonstrated that it is entirely possible to keep 
accoimt of every particle of uranium or other fissionable elements 
produced in the world. It will probably be necessary for the 
Security Council to require the establishment in each country of a 
government monopoly of radioactive ores and their products, 
such as uranium or plutonium. A licensing system would permit 
private enterprise to purchase these products from the government 
for peaceful purposes. 

With these rigid controls and inspection, it will be virtually 
impossible for any would-be aggressor to produce secretly enough 
atomic arms to start an aggression with any chance of success. It 
is true that an atomic bomb could be assembled secretly anywhere. 
But it must be remembered that the only materials from which 
atomic energy can be obtained in quantity so far are uranium and 
thorium, rare elements which will have to be collected in large 
amounts from enormous quantities of mined ores. The size and 
location of these mines certainly could not be concealed for long 
from the inspectors and other means of detection at the disposal 
of the Security Council. 

The Quota Force formula not only solves the problem of con- 
trolling the production of scientific weapons. It also solves the 
centuries-old problem of an effective and yet acceptable interna- 
tional police force, without which any international structure is 
but a cardboard structure. It creates a self-balancing system of 
national armed forces which, though all-powerful against any 
aggressor, would be powerless to threaten the security of any 
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member state, large or small. This new tj^e of international 
police force is called the World Peace Force. 

The World Peace Force of the Federative Alliance consists of 
two different kinds of armed forces : 

A. The National Contingents, which are the national armed 
forces of the Big Five; and 

B. The International Contingent, which is recruited exclu- 
sively from the lesser states. 

The National Contingents operate as reserves, when needed, 
of the International Contingent, which is the active part of the 
World Peace Force . . . 

The International Contingent is equipped with atomic and 
heavy arms from the collective quota produced in the lesser states 
by the Armament Trust under the Security Council. Thus its 
effective strength is 20 per cent of the total world strength, equal 
to that of the United States, Britain, or Russia. 

The International Contingent is stationed in selected bases of 
lesser member states in Europe and Asia, as well as in Germany 
and Japan, where it will constitute the only troops of occupation, 
and where the Council of Trustees will replace the present chaotic, 
costly and war-breeding rivalries of the Big Five. The cost of 
upkeep of the International Contingent will be borne, in propor- 
tion to their annual income, half by the Big Five and half by the 
lesser member states . , . 

Any lesser state, if an aggressor, will face the crushing weight 
of the International Contingent. Any major state, if an aggressor, 
will face a five or six-to-one superiority of armed forces, led by 
the International Contingent, with the National Contingents of 
the remaining major powers as reserves. 

Heretofore, any proposal for an international police force was 
either ineffective or politically unacceptable. If each major power 
retained the right to arm without limit, then any international 
pohce force would be ineffective, since it would not be strong 
enough to overcome any aggressor major power or combination 
of aggressors. If, on the other hand, the major powers were 
required to disarm as the price of establishing an adequate inter- 
national police force, then the capacity of the major powers to 
defend themselves would no longer exist, and the international 
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police force might become a world military dictatorship. Because 
of this unsolvable contradiction, any proposal for an international 
police force heretofore made was rightfully considered visionary. 

The Quota Force formula solves this Dilemma No, 1 of last- 
ing peace It creates an overwhelmingly powerful World Peace 
Force against any aggression by any major state or combination of 
states, and yet it preserves the freedom of action and the relative 
power standing of all major states. 

It was previously stated that the fundamental cause of aggres- 
sive war is the lack of an adequate central authority in the family 
of nations In order to establish such a central authority, three 
basic problems have to be solved: the problem of national sov- 
ereignty, the problem of lirmtation of armament, and the problem 
of an international police force Because our official peace- 
planners failed to solve these problems, the governments of the 
United Nations retreated to the hopelessly antiquated methods of 
leagues and alliances. The Quota Force system has solved these 
three problems by using modern methods based on the revolution 
in the nature of mihtary weapons and communications With 
these basic amendments, the members of the Security Council 
will be able to vote by a simple majority because their delegated 
power is strictly limited and specifically defined; the control of 
scientific weapons is possible because of the nature of these 
weapons; and the international police is possible also because of 
the nature of scientific weapons and the revolution in communica- 
tions. 

The Quota Force system for the first time in history solves the 
problem of wars of aggression by attacking the means of waging 
war, which are few, rather than the causes of war, which are 
many. Only a few months will be needed to organize the Quota 
controls of scientific weapons and to set up the International 
Contingent Decades, if not generations, will be needed to re- 
move the economic causes of war; and centuries will not suffice 
unless we first remove the greatest social injustice of all — ^war of 
aggression. In the family of nations, as in any organized society, 
the judge and the policeman, though not the most important, are 
the most urgent Only after the many are protected against the 
violence of the few is it possible to proceed to the removal of the 
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deeper causes of war by higher economic standards, better social 
justice, and above all, through education and rehgion. Today, 
when nations are feverishly and secretly engaged in the discovery 
and unrestricted production of atomic weapons that will blast our 
civilization, world law and the world cop have become a matter 
of our very survival. This can be accomplished now and with 
justice to all by the Quota Force plan. No other plan can do 
it. 

Every effort must be made to induce the other major powers — 
Britain, Russia, France and China — ^to accept these basic amend- 
ments to the United Nations Charter. As for the smaller states, 
since their only protection against aggression by a major power 
lies in the basic amendments, a majority of them will accept with 
alacrity. With these basic amendments, the United Nations 
Charter will be transformed from a timid beginning into a ring- 
ing challenge to all future warlords. The United Nations Or- 
ganization wiU be strong enough to cope with the atomic threat. 
Its rapid development into a true world federation will be as- 
sured, and we can look forward with certainty to an era of lasting 
peace. 

But in matters involving the destiny of nations, we must also 
assume another though less probable contingency, and that is the 
refusal of one of the major powers — ^Russia, for instance — to ac- 
cept these amendments. Russia is — ^perhaps with good reason — 
the most suspicious nation in history. Her leaders may fear that 
this world collective front, being composed mostly of capitalistic 
countries, might be unjustly turned against Communist Russia. 
Russia may therefore decide to veto these amendments or to delay 
their acceptance. 

In this event, the United States must proceed without delay to 
establish the Federative Alliance, incorporating the indispensable 
provisions contained in the basic amendments. Naturally, every 
effort consistent with the effectiveness of the Federative Alliance 
must be made to induce Russia to join it. But if she has vetoed 
or delayed the proposed basic amendments, she may at first refrain 
from joining the Federative Alliance for the same reasons; or she 
may even seek to oppose the establishment of the Federative Al- 
liance. 
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The question therefore arises; Can an effective international 
organization for control of scientific weapons and aggressors be 
developed without Russia? The whole basis of the United Na- 
tions Charter is the assumption that it cannot. This is a grievous 
fallacy. The logical conclusion of this assumption is that the 
destiny of the United States and the future peace of the world is 
to be decided principally in Moscow. The practical result of this 
assumption was a United Nations Charter which, as it stands 
today, is powerless to prevent or stop aggression by a major 
power. Ihe method of the Federative Alliance shows how an 
effective international organization can and must be established 
with Russia if possible, without her if necessary. 

Regardless of whether Russia joins or not, Britain is certain 
to join. A guaranteed defense of the British Commonwealth and 
the Dominion of India by the might of the United States is a 
matter of vital necessity to Britain, which is surrounded on all 
sides by rising industrial giant-states. This defense can be as- 
sured to Britain through the collective security system of the 
Federative Alliance. In fact, the only way in which Britain or 
any other state can make certain of America's participation in their 
defense is through the Federative Alliance. If the American na- 
tion is part of such an effective international organization for col- 
lective security, open to all peaceful nations and directed against 
none, she will fulfill her obligations of mutual defense. But the 
American people will not fight to further the power politics 
interests of Britain or any other state, or to right the innumerable 
wrongs committed all over the world. 

Britain brings into the Alliance a vast empire of 500,000,000 
people with tremendous resources. The United States today pos- 
sesses at least 70 per cent of the total world production and equip- 
ment of scientific weapons. In addition, virtually all of the 
Latin- American republics and the lesser states of western Europe 
are certain to join the Anglo-American federation, thus adding 
another organized bloc of nearly 300,000,000 people. It is virtu- 
ally certain that both France and Qiina will also avail themselves 
of the mutual guarantees of sovereignty and territories offered by 
the Anglo- AmericanJesser-states bloc. It follows that regardless 
of whether Russia joins or not, nearly four fifths of the world 
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could quickly be organized on the basis of the Federative Alliance. 
Once so organized, the necessary measures for the quota controls 
of scientific weapons and for effective defense against any aggres- 
sion could be easily established, as follows. 

In the case of lesser states, the Quota Force controls must be 
established regardless of whether they are willing to participate 
or not With the atomic threat hanging over the world, there is 
no need for the United States or other major powers to be sub- 
jected to the power politics maneuvers or stupidities of any lesser 
state. Their very survival depends on the Quota Force plan 

In the event that a major power such as Soviet Russia should 
refuse to join the Federative Alliance, she will then be asked to 
enter into a Quota Limitation Treaty with the Federative Alliance, 
agreeing to limit her production of heavy and atomic arms in 
accordance with the quotas already described, which give her ab- 
solute equality with the United States. Russia will have the right 
to inspect atomic and heavy arms production in the member states, 
and the agents of the Council of Trustees will have the right to 
inspect Russia’s production. 

Should Russia refuse even a Quota Limitation Treaty, the 
Council of Trustees will have to establish the quota controls and 
World Peace Force without Russia Since only member states are 
protected against aggression by a non-member, there is little doubt 
that virtually the entire world outside of Russia would seek ad- 
mission to the Federative Alliance, thus creating an overwhelming 
world collective front This collective front, though leaving 
Russia isolated, would not be directed against her. Her sov- 
ereignty and territories, from the Curzon Line to the Amur River, 
would still be guaranteed against aggression by member states. 

In the case of heavy arms, the Council of Trustees would 
provide for an extra quota to take ample care of any possible 
secret rearmament in heavy weapons on Russia’s part. This 
would make it hopeless for Russia, if such were her intention, 
to compete in heavy armament against the organized world. 

In the special case of atomic weapons, a similar provision for 
an extra quota would apply even better, thus confronting Russia, 
if an aggressor, with the atomic power of the rest of the world. 
But it is highly improbable that die world collective front of the 
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Federative Alliance would need to go to such lengths, once it is 
established. The Soviet rulers are cold realists. They will be 
swayed by the considerations of the politico-military forces 
brought into play by the Federative Alliance, not by the design 
of some recalcitrant Communists to conquer both the world and 
its society. The Soviet rulers also are practical idealists, and the 
peace of the world is as dear to them as to anyone There would 
be little reason for Russia to remain isolated, once the Federative 
Alliance demonstrated its peaceful intentions toward her. The 
vision of world federation is traditional with all Russian revolu- 
tionaries, Communist or otherwise To eliminate aggressive war 
in the world is a far greater (and easier) revolution than to es- 
tablish world communism. It is inconceivable, therefore, that 
Russia, in the face of an overwhelming world collective front 
designed to protect her as well as any other nation against the 
unparalleled evil of atomic warfare, would not grasp the oppor- 
tunity to join with the rest of the world in blotting out this evil 
from the face of the earth. 

Nothing but the foolproof and rogue-proof methods of the 
Quota Force plan can prevent a third world war, between 
Communist Eurasia and the western world, which is already in 
the making. Only hypocrites and innocents will claim that the 
present United Nations Charter can stop it. The Charter with its 
paralyzing veto power, its impotent 'adequate force*' and the 
total absence of enforceable controls of scientific weapons, merely 
records the good intentions of the allied peoples — and that is all. 
But the road to war is paved with good intentions. Only doughty 
old professors and demagogues, oblivious of time and atoms, can 
talk today of the slow, gradual evolution of the Charter by means 
of innumerable diplomatic conferences and revivalist meetings. 
Peace in the Atomic Age cannot be bought on the installment 
plan. 

Although today the United Nations have achieved the greatest 
victory in history, fear dominates their relations. Communist 
Russia fears a coalition of the western democratic world, led by 
the Anglo-Americans. Therefore she seeks desperately to acquire 
more power and to expand into new spheres of influence while 
there is still time. The Anglo-Americans, and most of the world, 
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fear the rising giant-state of Communist Russia. Many see in the 
spheres of influence which Russia is now building a gigantic 
springboard from which the Soviet rulers hope to realize their 
hidden designs of conquest not only of the world, but of its 
societies. They suspect that Russia no longer wants, nor seeks, 
an effective system of international security, and that she em- 
braced the United Nations Charter only so as better to strangle it. 
This is because time has become the ally of Russia and the enemy 
of the Anglo-Americans, Another ten years of the United Na- 
tions Charter and Russia will be the dominant power of the 
earth. 

The whole point is that it does not matter what the motives 
of Soviet Russia are — ^whether she is building her spheres of 
influence for strategic defense against the Anglo-Americans, or as 
a springboard for eventual attack against the world, or for both. 
In a world of rampant military force, no great state can entrust 
its future to the solemn promises or purity of motives of other 
potentially rival states. 

As a result, we are facing one of two wars, a thousand times 
intensified by atomic weapons: Either a preventive war by the 
capitalistic world led by the Anglo-Americans, within the next 
five years, to destroy the Russian Communist state before it ac- 
quires decisive strength in atomic and heavy arms ; or, if this war 
does not take place, then a war fifteen or twenty years hence by 
Communist-dominated Eurasia to eliminate the hegemony of the 
Anglo-American world. 

Either of these two wars would be a catastrophe of centuries. 
The only escape from both of them for a world now trapped by 
atomic and other devastating engines of destruction is to create a 
guaranteed international system whereby the Anglo-Americans 
would not threaten Soviet Russia today and the Russians could not 
threaten the Anglo-Americans tomorrow. We must establish 
now a new society of nations for the sole purpose of eliminating 
the international crime of aggression by means of rigid controls 
over the means of waging war and by using an overwhelming 
World Peace Force to stop and to punish any aggressor. If we 
do this and nothing else, we shall accomplish in the field of social 
science a revolution equal to the atomic revolution in the field of 
physical science. 
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Anyone who considers the Quota Force methods carefully will, 
I believe, agree that there exists no other effective and politically 
acceptable way to master the destructiveness of atomic and heavy 
weapons and to impose the peace of the many over the violence 
of the few. The Quota Force system contains all the elements 
necessary to stop both the atomic threat and all aggressive wars. 
When adopted, the way will be open for a true world federation, 
without which the Atomic Age will become the New Dark Age. 

DOMESTIC CONTROL AND DEVELOPMENT 
OF ATOMIC ENERGY^ 

As Secretary of Commerce, I have a particular interest in the 
parts of these bills which relate to the potential economic uses 
of atomic power and the byproduct materials. However the 
several aspects of atomic energy — domestic and international, eco- 
nomic and military — are very closely related Each aspect affects 
the others to such an extent that the whole problem has to be 
considered before a satisfactory policy can be worked out with 
respect to any particular phase. Lhis close relationship was 
brought out very clearly in the testimony of the scientists who 
appeared before your committee last month. I shall therefore 
:^st discuss some of the general aspects of the problem as back- 
ground for my specific comments on economic, industrial, and 
other nonmilitary applications of atomic fission. 

In thinking about these several bills, we must first determine 
the reasons why legislation is needed on the domestic aspects of 
atomic fission. What are the things that need to be done now 
in the domestic field, and how do they relate to the question of 
international control to prevent the use of atomic power as a 
military weapon.? In his message to the Congress on October 
3 , 1945, President Truman clearly summarized the reasons for 
domestic legislation which were important at that time. Those 
reasons were: 

1. To establish a peacetime organization to take over the plants 
and faalities developed during the war for the production of fission- 
able materials and bombs. 

By Heniy A Wallace, former Secretary of Commerce. Statement before the 
Senate Special Committee on Atomic Energy. Hearings on S. 1717, 79tli Congress, 
2nd session. Part 2, p. 219-37. January 31, 1946. (S. 1717, revised, became law 
August 1, 1946 — ed.) 
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2 To develop and direct a policy of further research on atomic 
fission and byproduct materials. 

3 To secure control over the* basic raw materials m this country. 

In that message to the Congress, the President also stated that 

he would soon initiate international discussions for the control of 
atomic energy and for outlawing the use of atomic weapons. He pointed 
out that international arrangements for these purposes would be dif- 
ficult to achieve, but that the alternative was a “desperate armament 
race which might well end in disaster.” 

Very important progress has been made in the direction of 
effective international cooperation since the President’s message 
was delivered some three months ago A preliminary meeting 
with Great Britain and Canada took place in November. A 
further meeting was held in December in which Russia partici- 
pated; and Russia, Great Britain, and the United States agreed 
to sponsor the establishment of an Atomic Commission of the 
United Nations to make recommendations to the Security Council 
on the following points: 

1. For extending between all nations the exchange of basic sci- 
entific information for peaceful ends; 

2 For control of atomic energy to the extent necessary to ensure 
its use only for peaceful purposes; 

3 For the elimination from national armaments of atomic weapons 
and of all other major weapons adaptable to mass destruction; 

4. For effective safeguards by way of inspection and other means 
to protect complymg states against the hazards of violations and 
evasions. 

The proposal for the establishment of an Atomic Commis- 
sion was approved a few days ago at the first meeting of the 
Assembly of the United Nations in London. 

Since the President’s message of October 3, it is clear that a 
further very important consideration has developed with respect 
to domestic legislation on atomic fission — ^the need for consist- 
ency between our domestic policy as established in such legisla- 
tion and the international policy which the United States has 
sponsored and which the other members of the United Nations 
have accepted in principle. That international policy is to bring 
about as soon as possible agreements among all nations not to 
develop or use atomic weapons, and to insure that such agree- 
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ments are effective by backing them up with an international 
inspection system We do not yet have such international agree- 
ments nor an inspection system, but our domestic legislation must 
be designed to fit into such arrangements and must not give other 
nations any reason to doubt that international control is our 
policy and that we would support that policy wholeheartedly. 
For example, we would undoubtedly give the other nations of 
the world reason to distrust our motives if on the international 
front we advocate a policy designed to prevent war and to pre- 
vent the use of atomic energy for military purposes, while we 
simultaneously place the scientific and technological development 
of atomic energy in the hands of the military at home. So long 
as we continue without legislation on this subject, we are doing 
just that In the eyes of the world, we are entrusting all of the 
nation's activities in the field of atomic energy to the military. 

I now turn to an examination of the bills before your com- 
mittee, and especially the McMahon bill (S 1717), the Johnson 
bill (S. 1463), and the Ball bill (S. 1557), in relation to the 
requirements for domestic legislation which I have listed. The 
requirement that domestic legislation conform to, and serve to 
carry out, the international policy to which we are committed is 
obviously the most important single consideration. Unless we 
can insure that atomic energy will not be used as a weapon, 
utilization of the power in the atom for peaceful purposes and 
for the welfare of mankind is only an academic consideration. 
If atomic weapons are ever again used in war, civilization as we 
know it will be destroyed. Those, if there are any, who survive 
the destruction will be concerned with the elemental problems of 
getting enough to eat and improvising some sort of crude shelter, 
and not with atomic power plants or medical applications of 
b 5 rproduct materials. 

In order to be consistent with the international policy which 
we have proposed and which offers the only possible alternative 
to an atomic arms race and ultimate chaos, domestic legislation 
must be based upon the following principles: 

First, it must provide for civilian control in complete har- 
mony with our international policy. 
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Second, it must provide the basis for a free international 
exchange of basic scientific information, and for the exchange 
of technical information when international arrangements make 
that possible. 

Third, it must provide for the early development of the best 
possible techniques for inspection, which this country can then 
oJGFer and propose to the United Nations. 

Perhaps some further discussion of the third point may be in 
order. As several scientists who appeared before your com- 
mittee have testified, the United States knows so much more 
about the technical problems of inspection — because we are the 
only nation which has produced fissionable material in quantity 
— ^that we must take the lead in devising and proposing effective 
inspection techniques. The development of such techniques has 
not yet been possible because of the wartime secrecy rules which 
are still in force — ^the compartmentalization of information im- 
posed by the military upon the scientists associated with the 
Manhattan project. Therefore the formulation of such tech- 
niques may need to wait upon the establishment of the Com- 
mission. 

I shall now take up in turn each of the three principal bills 
concerned with domestic control and development and consider 
them in relation to the three standards of conformity with our 
international policy which have just been enumerated. 

First, let us consider the McMahon bill (S. 1717). This 
bill was introduced after our policy of striving for international 
control of atomic energy had been formulated by the Presi- 
dent and after the initial meeting of the President with the 
Prime Ministers of Canada and Great Britain. The possibility 
thus existed of making policy on the so-called domestic aspects 
of this problem conform to our international poHcy, and full 
advantage was taken of this opportunity. This bill places con- 
trol of developments within the United States in a full-time, 
five-member civilian commission responsible to the President. 
Members of the Commission wiU be appointed with the advice 
and consent of the Senate, and will be removable at the disaetion 
of the President. 
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These provisions are consistent with our traditions of democ- 
racy and would place control of development of this new 
tremendous force in the hands of agents directly responsible to 
representatives of the people. Such democratic control and re- 
sponsibility are essential not only to prevent undesirable forms 
of authoritarianism or military dictatorship on the domestic 
front, but also to assure a domestic program consistent with our 
international policy. Moreover, the bill specifically provides , . . 

The Commission shall not conduct any research or developmental 
work in the military application of atomic power if such research or 
developmental work is contrary to any international agreement of the 
United States 

The Commission is given custody of all atomic bombs, and is 
directed not to produce bombs nor to turn any over to the armed 
forces of the United States except at the express direction of the 
President. This is a fundamentally important provision which 
will assure the continuation of our traditional policy of civilian 
control of military matters. At no time in the history of the 
United States, in fact, has it been more important to follow 
the constitutional pattern of subordinating the armed services 
to civilian representatives of the people. 

Secondly, S. 1717 places great emphasis on complete free- 
dom for fundamental scientific research and on the free interna- 
tional exchange of basic scientific information. It provides 
further, in section 9, that related technical information shall be 
distributed — 

with the utmost liberality as freely as may be consistent with the for- 
eign and domestic policies established by the President. . . . 

Furthermore, the Commission is not only authorized but is 
directed to foster and develop economic, medical, and other 
peaceful uses of the process of atomic fission and byproduct 
materials resulting therefrom. 

Finally, under the complete civilian control and with the 
close coordination with international policy which the bill pro- 
vides, it is clear that the Atomic Energy Commission could 
quickly arrange for the development of the best possible tech- 
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niqu€s for use in an international inspection system by the 
scientists, engineers, and technicians acquainted with all phases 
of the Manhattan project. 

The Johnson bill (S. 1463) is defective with respect to all 
three criteria of consistency with our international program. 
Since the bill was drafted and introduced before our international 
policy was clearly formulated in the form of the declaration 
of the President and the Prime Ministers of Great Britain and 
Canada, it was almost inevitable that this should be the case. 

The Johnson bill is essentially a bill for promoting further 
military developments of atomic power It turns the entire ques- 
tion of domestic development and use of atomic energy, in- 
cluding military developments and uses, over to a nine-man, 
part-time Commission and to an Administrator appointed by 
the Commission, The Commission and the Administrator are 
given powers which make them largely independent of the 
President and of the Congress, The Commission members are 
appointed for nine-year terms, and cannot be removed by the 
President except on specific limited charges. . . . Little positive 
encouragement is given to the Commission to sponsor and de- 
velop economic, medical and other peaceful uses of atomic power 
or its byproduct materials. The Commission is left perfectly 
free to manufacture, or have manufactured by private contractors 
as many bombs as it may see fit, and there is no specific limita- 
tion on the disposition to be made of such bombs. A yearly 
inventory of property, which presumably would include bombs, 
is required to be made to the President, but only such parts of 
that inventory need to be made available to the Congress as the 
Commission believes to be desirable. 

The general statute which prohibits commissioned ofiScers 
from holding civilian positions is set aside to permit military 
men on active duty to serve on the Commission, or as Adminis- 
trator or Deputy Administrator . . , These provisions potentially 
place the people of this nation and even of the world at the 
complete mercy of a small group of men, perhaps a military 
clique, who could use this fearful new power to impose new 
and more terrible forms of authoritarianism and imperialism. 
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With tespect to the second criterion, the bill does not pro- 
vide for the free dissemination of basic scientific data, nor for 
the international exchange of technical data, if and when the 
President finds that international arrangements have progressed 
to the point where -such exchange would be desirable. On the 
contrary, there is great emphasis on security regulations — ^which 
need not even be made public. There are drastic penalties pro- 
vided for even unintentional violations of the statute or of 
security regulations. These provisions indicate again that mili- 
tary applications are the prime consideration of this bill, and 
under it that wartime security regulation would be carried over 
into peacetime. 

This again is a place to mention, as so many of the eminent 
scientists who have been associated with the development of 
atomic fission have pointed out, that to carry security regula- 
tions and secrecy to extremes will soon place the United States 
at the bottom of the scientific world in nuclear physics instead 
of at the top. Such regulations stifle scientific progress. They 
are completely counter to the teachings of the history of science. 
Scientific endeavor requires an atmosphere of freedom conducive 
to pursuing the path of truth wherever it may lead. Under con- 
ditions of military secrecy, restriction and regimentation, the best- 
qualified scientists would not continue to work on atomic energy. 
They would leave the field of atomic fission and pursue research 
in other fields of scientific investigation. 

Lastly, under this bill I doubt whether we shall get the sci- 
entific and technical collaboration which is necessary to develop, 
without further delay, the inspection techniques required for 
effective international control of atomic energy under the United 
Nations. 

It seems to me clear that if S. 1463 or anything like it were 
enacted by the Congress, it would tremendously increase the dif- 
ficulties of achieving and successfully administering an interna- 
tional control and inspection system. We would be proposing 
control and peaceful uses of atomic fission to the world on the 
one hand, and on the other, we would be turning our domestic 
development and use over to a virtually independent commission. 
The commission provided could be dominated and controlled 
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by the armed forces under a statute that emphasi2es military 
developments of atomic energy. This is certainly not the way 
to encourage international cooperation. It is clear that this bill 
was not drafted to fit into a policy of international control of 
atomic energy. . . , 

I now turn briefly to Senator Ball's bill, S. 1557. This bill 
seems to me to fall somewhere between the McMahon bill and 
the Johnson bill. It is clearly the intent of the bill to provide for 
civilian control of domestic developments and for coordination 
with our international policies. The nine-man Commission would 
consist of five Cabinet officers and four part-time public members. 
There is no restriction on the President's power of removal. 
Military officers on active duty are specifically barred from mem- 
bership on the Commission or from serving as Administrator or 
Deputy Administrator. On the other hand, being less detailed 
than the other two bills, it does not provide much guidance to 
the Commission on many specific points of policy. It seems to 
me very desirable that the Congress spell out the policies to be 
followed by the Commission as far as that can be done at the 
present time, and not give to the Commission what amounts to 
a blank check on many questions. 

I should now like to turn to the second major aspect of 
these so-called domestic bills — the economic, medical, and other 
nonmilitary applications of atomic energy. As your committee 
has already brought out in its hearing in December, this phas6 
of the subject must also be considered in relation to the ques- 
tion of international control and inspection system. It was 
argued that with large-scale production of fissionable materials 
for economic purposes, inspertion would become more difficult, 
and there might be more opportunity for clandestine diversion 
of fissionable materials to the production of bombs and other 
atomic weapons by a nation or groups determined to violate in- 
ternational controls. To my mind it would be most unfortunate 
if international suspicions, and the frailties and weaknesses of 
mankind, should force the world to forego even for a short time 
the benefits of the energy of the atom, 

'This is a matter which will have to be worked out and de- 
termined by all the nations concerned and will depend at least 
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in part on the effectiveness of the inspection techniques which 
qualified scientists, engineers, and other technicians have pro- 
posed after they have had an opportunity to study all of the 
technical problems involved. In any event, it will probably take 
several years to develop practical large atomic power plants, so 
that the question is not immediately before us. On the other 
hand, qualified scientists have pointed out that some of the ma- 
terials produced as byproducts of atomic fission have important 
and immediate medical applications, which should be put into 
use by the medical profession without delay. Perhaps all that 
is needed in the domestic legislation is a provision that no de- 
velopment or utili2ation of atomic energy for economic purposes 
shall be undertaken which is contrary to any international agree- 
ment or policy of the United States. We should strive in every 
possible way, however, to find international solutions to permit 
the prompt harnessing of this new source of energy for the 
benefit of mankind. 

With such a provision, I think the domestic legislation should 
properly provide every possible encouragement to research and 
development on economic, medical, and other nonmilitary uses 
of the process of atomic fission and its byproduct materials. 
The provisions of the McMahon bill on economic uses seem to 
me well conceived. This bill provides positive encouragement 
to research on nonmilitary uses of atomic fission and directs 
the Commission freely to distribute fissionable material in small 
quantities for this purpose. 

The Johnson bill seems to imply that all sources of fission- 
able material — ^the raw ores — shall be owned by the government, ' 
and that mining extraction shall be carried on by the government. 
The McMahon bill seems to me to be preferable to the Johnson 
bill on this point, in that it provides for private ownership and 
extraction of ores, but requires that the sale and distribution of 
ores be carried out under government license. 

With respect to patents, only the McMahon bill has any 
detailed provisions; the Johnson and Ball bills do not deal with 
this question at any length and presumably would permit private 
patents both on processes relating to the production of fissionable 
material and on devices for the use of fissionable material. 
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Since atomic fission may ultimately form the basis of a large part 
of our economic activity, it is clear that private patent monopolies 
on critical and key processes should not be permitted. The Mc- 
Mahon bill would eliminate private patent monopolies by requir- 
ing sale to the government of patents on all production processes, 
and the compulsory licensing with fair royalties to the inventor, 
of all patents on devices for the utilization atomic energy. I 
should like to suggest that with respect to devices essential to 
the production of fissionable materials, which will be a govern- 
ment monopoly or at least carried on only under government 
license and control, that another method may be preferable. It 
might be desirable to shortcut lengthy patent proceedings by 
forbidding private patents in this field and authorizing the Com- 
mission to purchase inventions directly from the inventor. 

With respect to patents on devices for the utilization of 
atomic energy, the compulsory licensing provisions of S. 1717 
seem to me to be essentially sound. However, it might be de- 
sirable for the bill to provide some definition of the devices 
which should be subject to compulsory licensing. As the bill is 
now worded, even trivial and unessential devices — such as a 
special stepladder or a pair of overshoes used in an atomic energy 
plant — ^would fall within the compulsory licensing provision. 
This seems to be unnecessary and may create a possible hardship 
for the inventors of such minor devices. Perhaps a criterion 
of broad public interest or the specification of antimonopolistic 
policy could be used to define and restrict the area of compulsory 
licensing. 

Finally, on the question of patents, there is no provision in 
any of the three bills requiring that patents on inventions and 
discoveries resulting from government-financed research on atom- 
ic fission and related subjects be dictated to the public or turned 
over to the government. Such inventions may be extremely 
important, not only in the field of atomic fission itself, but in 
many ordinary industrial operations. For example, one of the 
government contractors at the Oak Ridge plant of the Manhaaan 
district has issued a memorandum, with the approval of the War 
Department, stating that some 5,000 such new devices and im- 
provements capable of ordinary industrial application were de- 
veloped by this one company alone. 
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If the patent provisions of the Kilgore bill for a National 
Science Foundation are adopted by the Congress, no specific 
provision will need to be made in the atomic energy bills because 
the Kilgore bill provides for public dedication of all discoveries 
arising in the course of government-financed research and de- 
velopment. However, if tiiat particular provision of the Kilgore 
bill IS not enacted, I strongly urge that a similar provision be 
incorporated into the statute on atomic energy. . . . 

There is one further provision in the McMahon bill on eco- 
nomic uses of atomic energy which requires special considera- 
tion Section 7 (d) provides that the Atomic Energy Commis- 
sion shall not license any practical industrial or commercial use 
of fissionable materials until after a report on each such use has 
been prepared and submitted to the Congress by the Commission 
and after a ninety-day waiting period has elapsed following the 
submission of the report. During this period the Congress 
would have an opportunity to enact supplementary legislation 
regulating such use. This provision clearly extends an invita- 
tion to vested economic interests to bring pressure upon the 
Congress to prohibit or delay economic progress. To take a 
hypothetical example, let us assume that some future Edison 
will invent an application of atomic power that will make all 
present electrical power plants obsolete. It is clear that such a 
developments might seriously threaten many vested interests — the 
interests of stockholders, bondholders, workers, and others. It 
may well be necessary for the Congress to take cognizance of 
such a situation and enact such legislation as may be required 
to minimize transitional hardships. It would be highly un- 
desirable, and might well place this country at the bottom of 
the international scale in progress toward peacetime develop- 
ments of atomic energy, if we were to prevent the introduction 
of such a new power plant in order to protect vested in- 
terests. ... It seems to me very important, if this country is 
not to fall behind certain other countries in the adoption of this 
power to peacetime uses, that the diminution of the hardship 
involved in the transition be arrived at in some other way than 
slowing the rate of speed of the transition. . . . With section 7 
(d) in force, the Congress will have invited a campaign to 
restrain the introduction of such a development, a campaign 
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which would undoubtedly magnify the imniediate difficulties of 
present owners and workers and minimize the long-run benefits 
to the entire nation which would result from the new processes. 
With such a provision in effect during the last 150 years, con 
it be doubted that our technological progress and the rise in 
our standard of living would have been seriously retarded.^ We 
would have had strong pressures to slow up the introduction of 
all major technological developments — ^the steam engine, the 
power loom, the reaper, the automobile, the telephone, and the 
airplane. We dare not take the responsibility in Mstory for a 
slowdown in the utilization of this greatest achievement of 
slow down in the utilization of this greatest achievement of 
science. , . . 

In closing, let me summarize my views on the question of 
"domestic legislation*': 

1. Domestic legislation cannot be considered apart from our 
international policy on the control of atomic energy. Since 
international control to prevent the use of atomic weapons is by 
far the most important aspect of atomic energy, domestic legis- 
lation should be consistent with such control, 

2. Domestic legislation should emphasize the development 
of peaceful uses of atomic energy. 

3. Economic uses of atomic energy should to the maximum 
extent possible with safety and security be carried out by private 
enterprise rather than by government monopoly. 

The McMahon bill meets the first two of these criteria, and 
would require only minor modification with respect to the third. 
The other two bills would require complete revision to conform 
to these standards. . . In coping with the problems, both in- 
ternational and domestic, created by the advent of atomic energy, 
this committee has the most awesome responsibility ever placed 
on a committee of Congress. In the hands of this committee, in 
the determinations of the Congress, rest the destinies not only 
of the people of the United States, but of the world. This 
committee has an opportunity for the exercise of vision, courage, 
and statesmanship which occurs only rarely in history. 

No man can with clarity foresee the future developments 
which will stem from the harnessing of atomic energy. We are 
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probably standing on the threshold of a new and more far- 
reaching economic revolution than we have ever experienced in 
the past. The decisions which must be made are decisions 
which will determine whether mankind destroys itself or whether 
it finds the road to new and undreamed-of mastery of the secrets 
of the universe in the interest of a better life for all. 

We must be prepared to deal with the human as well as with 
the physical problems which atomic energy will create. We must 
anticipate soaal and economic changes which may be effected 
by this new force, a need which the McMahon bill in its pro- 
visions requiring social and economic study forsees. 

We can best deal with the great problems which face us by 
closely adhering to the fundamental principles of freedom and 
democracy so firmly rooted in our Constitution and in our tradi- 
tions. We must insist on maintenance of the principle of gov- 
ernment responsibility to the people — and avoid an atomic energy 
commission which is not responsible to the electorate or to its 
chosen representatives. We must insist on adherence to the 
traditional principle of dvihan control over military matters — 
and avoid any possibility of military domination or dictatorship. 
We must insist on stimulating the development of peacetime 
uses of atomic energy through the channels of free private enter- 
prise — and, as far as is compatible with public safety and wel- 
fare, avoid stifling and restrictive governmental operation, regu- 
lation, or control. We must assure the widespread use of atomic 
energy devices — and avoid the restrictive practices of monopoly. 
We must insist on following the fundamental precepts of sd- 
entific freedom — and avoid secrecy, suppression, or compart- 
mentalization of knowledge. We must insist on the most rapid 
peacetime development possible of atomic energy — and avoid 
retarding such development because of any vested interest. 
Most important of all, we must insist on the utilization of 
atomic energy for the betterment of the human race — and avoid 
the pitfalls which would lead to the destruction of our dviliza- 
tion and international suidde. 

These are the prindples which should be incorporated into 
any bill designed to cope with the development and control of 
atomic energy. 
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THE VETO POWER PRO AND CON « 

The so-called veto provisions are contained in Article 27 of 
the Charter, which provides that decisions of the Security Council 
on all matters other than procedural be made by an affirmative 
vote of seven members, including the concurring votes of the 
permanent members, namely, Russia, the United States, Great 
Britain, China and France — provided that, in decisions concern- 
ing the pacific settlement of disputes, a party to a dispute shall 
abstain from voting. 

This provision of the Charter, like many others, emerged in 
substantially the original form drafted by the United States as 
far back as 1943 and presented to Britain, Russia and China 
at Dumbarton Oaks, The drafts submitted to the United States 
at that time by Britain, Russia and China had similar provisions. 

In the resulting discussions, the right of the permanent 
members of the Security Council to veto enforcement action by 
the Council was not seriously questioned. Russia, however, fav- 
ored a wider field for the veto than the other nations and would 
have expanded it to include decisions as to what disputes could 
be brought before the Security Counal. So insistent was Rus- 
sia that it was found impractical to reach agreement on this point 
at Dumbarton Oaks. It was only at the Yalta meeting that an 
acceptable middle ground was found as a necessary preliminary 
to the meeting in San Francisco, where the present Charter was 
finally agreed upon. 

The basic concept of the veto was that the great powers that 
had contributed most toward winning the war and had the 
greatest stake and the greatest responsibility for maintaining the 
peace should have the right to prevent action against themselves 
or their vital interests by other nations. This concept may not 
have been entirely sound in theory or ethics. On the other 
hand, the framers of the Charter, faced with the problem of 
bringing together about 50 nations, large and small, accepted 
the veto provisions as the best obtainable compromise. 

* Reprinted from World 'Report 1'26>7 ^ly 4, 1946, an ind^endent weekly 
magazine on international affairs published at Washington, D.C, Copyright 1946, 
United States News Publishing Corporation, 
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More specifically, the United States favored the insertion of 
the veto provisions in the Charter for three reasons: 

(1) The veto was considered necessary to provide in legal 
form, under the Charter, a means by which the United States 
could protect its vital interests, without withdrawing from the 
organization and resorting to other effective means available 
to it. 

(2) It was apparent Russia and Britain would demand the 
veto. 

(3) It was generally agreed that, without the veto provi- 
sion, the Charter would not get popular and congressional sup- 
port needed for adoption. 

Value of the Veto 

The veto power has not worked out as intended. It has been 
used twice by Russia, in the case of Syria and Lebanon and in 
the case of Spain. In each case, Russia voted against a heavy 
majority of the Council, on the ground that the proposed action 
was inadequate. In the case of the Levant states, the proposed 
action was carried out subsequently by agreement between the 
states directly concerned, regardless of Russia’s veto. 

The veto, however, should not be summarily condemned 
on the basis of this limited experience. On the contrary, it 
should be recognized that, in a considerable degree, the veto 
serves to maintain the integrity of the United Nations by 
furnishing a legal method of blocking action that otherwise 
might disrupt the organization. Furthermore, it is apparent 
that the veto is so closely related to the comparatively fixed pat- 
tern of world power that it cannot be adjusted at will. 

It is no accident that the United States, Russia, Great Britain, 
China and France are the nations granted this special power 
under the Charter. They are the "great” nations. On the 
other hand, they differ widely among themselves as to their 
national power and as to the veto’s value to them. 

France, in her possession of the veto, has legal power under 
the Charter that exceeds, in considerable degree, her actual power 
among the family of nations. By this veto, she can prevent 
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action against her under the U. N. that she otherwise might 
not be able to prevent. For her, therefore, the veto power is a 
very real element of protection. 

China, in a degree and manner different from France, like- 
wise possesses in the veto an element of protection that exceeds 
her actual power of self-defense. To China, in her present 
transitional stage of development, the veto is a great asset. 

Great Britain, with an effective veto, is safe against any 
unacceptable action by the U. N. Without the veto, or in viola- 
tion of it, however, she could not defend herself against either 
the United States or Russia. An effective veto under the U. N. 
is, therefore, of considerable importance to Great Britain. 

The United States and Russia have a different status than 
other nations holding the veto. They not only have a legal veto 
under the Charter, but, because of their intrinsic power and in- 
accessibility, they actually have the equivalent of a veto outside 
the Charter. For this reason, the veto power is of less vital im- 
portance to the United States and Russia than it is to France, 
China and Great Britain. This situation does not alter the fact 
that, if the three great powers really cooperate, there can be 
peace, security and progress with or without the veto. 

Proposals to change the veto power have taken two forms: 
(1) to abolish it outright, and (2) to curtail it under certain 
conditions, as exemplified in recent U.S. suggestions concerning 
the control of atomic energy. 

In general, proposals to abolish the veto originate either with 
the smaller nations or with proponents of the so-called super- 
state, or world government. Such proposals from the lesser na- 
tions are entirely understandable, on the basis of national pride 
if for no other reason. The idea is particularly appropriate for 
home consumption. The smaller powers often express the 
fear that the great powers will dominate the world. 

They must know, however, that, in the last analysis, a great 
power can dominate a lesser power, and they should realize that 
under the veto provisions of the Charter a small nation need 
have but one friend among the great powers to gain the pro- 
tection of its veto. Australia may inveigh against the veto and 
champion the cause of the lesser nations, but somewhere there 
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must be a comfortable sensatioa as she contemplates the veto 
right of Great Britain. 

Similarly, in Latin America — ^where pride of sovereignty 
is well developed — the protective value of a veto by the Colossus 
of the North cannot be overlooked entirely. Lesser nations in 
the Russian orbit surely will not let national pride mislead them 
as to the value of the Russian veto to them. 

Veto and Atom Control 

Proponents of the superstate consider the abolishment of the 
veto as an essential first step to world government — and it is. 
However, it is not alone sufficient that no member state shall 
have the legal right to thwart a world government; it is also 
necessary that no member state shall have the actual power to 
do so. 

The legal veto may be abolished by agreement, but the 
equivalent of an actual "veto” inherent in the power of the 
United States and Russia cannot be abolished by law or treaty. 
It follows, therefore, that there can be no effective superstate 
unless these two powers cooperate on a workable basis for peace, 
security and progress. It follows, further, that if this situation 
happily comes to pass, the great world problem will solve itself, 
and there will be no need for a superstate. 

The phase of the veto question of most immediate interest 
is that contained in the recent proposal by the United States now 
under discussion in the U. N. Commission on Atomic Energy. 
Under these proposals, the U. N. would take punitive action 
against any nation violating its commitments concerning the 
control of atomic energy. As regards such coercive action, no 
nation would have a veto. 

The United States proposals leave a large field for future 
discussion as to the relationship between the enforcement func- 
tions of the Security Council and the Atomic Development Au- 
thority. However, only one solution seems practicable at this 
time — namely, that all enforcement functions be placed under the 
Security Council and a specific exception be made as to the 
veto power in enforcing atomic energy control agreements. It is 
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already apparent that Russia will find it difficult, if not impos- 
sible, to accept this loss of veto power and the inspections and 
control that would accompany it. 

The United States proposal, on the other hand, is predicated 
on agreement among nations to accept inspections and control 
necessary to prevent the use of atomic energy as a weapon of 
destruction It is difficult to see how any nation that enters into 
such a revolutionary arrangement, whatever her mental reserva- 
tions, could demand the right to veto action proposed in the 
arrangement for violation thereof. The whole arrangement 
necessarily would seem to include the part. We return, there- 
fore, to the basic fact that the degree of cooperation needed to 
solve this vast problem wmuld solve not only the specific veto 
question but actually would clear the way for full international 
cooperation and an era of security, progress and peace. 

It IS generally considered that the success of the control 
of atomic energy will be determined by the final attitude of 
Russia, Without attempting to evaluate what lies behind her 
present inadequate proposals, it is necessary to point out once 
more that whatever agreements are reached as to control, inspec- 
tion and veto, neither the United States nor Russia, for the 
foreseeable future, can be coerced by any group of nations, 
whether it be in connection with atomic energy agreements or 
otherwise. 

As a result of the above analysis, it would seem that: 

(a) The veto power of the five great powers in the Security 
Council was a prerequisite to organization of the U. N. 

(b) The United States, Russia and Great Britain are equally 
responsible for setting up the present veto system. 

(c) Russia alone of the veto nations originally wanted 
and would still like to have a more extensive veto power. 

(d) The veto power has not yet undergone sufficient tests 
to warrant definite conclusions as to its justification. So far, 
however, its use has tended to detract from its value. 

(e) The veto power contributes an element of strength 
and permanence to the U. N. in providing a legal means of 
preventing action that otherwise might result in one of the 
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five great powers defying and breaking away from the organisa- 
tion. 

(f) The veto power is so closely related to the relatively 
stable pattern of world power it cannot be altered at will. 

(g) The veto provides a continuing source of irritation 
among the lesser powers, but it also furnishes them with a con- 
siderable degree of protection. 

(h) Due to the veto power, France, China and, to a lesser 
degree. Great Britain have the legal right and ability to oppose 
action by other United Nations that in some cases are in excess 
of their actual and inherent power to do so. The veto is, there- 
fore, of considerable importance to them. 

(i) On the other hand, in the case of Russia and the United 
States, there is both a legal and the physical power of veto that 
is complete and equal. The veto power of the Charter is, there- 
fore, of less importance to them than to other nations having the 
veto. 

(j) In general, the importance of the veto is overestimated, 
since, if the three great powers work together, peace, security 
and progress will be attained with or without the veto and, if 
they do not work together, neither the veto nor lack of it will 
make any difierence. 

(k) Success in abolishing the veto as regards control of 
atomic energy would be an example of good faith and coopera- 
tion that would promise well for the future. On the other hand, 
while it would enhance the legal status of attempted enforce- 
ment action, it would not alter the fact that, in the last analysis, 
there can be no effective coercive action against either the United 
States or Russia. 


PRIVATE VERSUS GOVERNMENT CONTROL OF 
ATOMIC POWERS 


Everyone will agree that atomic energy is too important to 
the future of this country to permit any cartel, domestic or for- 

* By Edward H. Levi, Professor, University of Chicago Law School. Statement 
before the Senate Special Committee on Atomic Energy Hearings on S 1717, 79th 
Congress, 2nd session. Part 2, p. 108-11. January 25, 1946. 
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eign, to control its use or development. If there is any danger 
of a private monopoly in any of the stages of the development 
of atomic power, such as control over uranium or plutonium, or 
over any important process or application, the American people 
would want to prevent it. 

As to many other industrial fields, we may have a split per- 
sonality, condemning cartels as contrary to free enterprise, and 
yet tolerating them, because that is what a part of the rest of 
the world seems to want. 

But it seems clear that the American people will not want to 
tolerate any private cartel controlling the development of atomic 
power in this country. In fact, the idea of such control seems 
fantastic. 

But the idea is not fantastic, and any legislation in this field 
must take this possibility into account. After all, there is a cartel 
controlling radium, and radium is found in ores which also con- 
tain uranium. One company already has a dominant position 
over vanadium, and vanadium is found in ores which also con- 
tain uranium. 

It may seem unthinkable that a cartel might be permitted to 
retard the development of a field important to national security. 
But the production of synthetic rubber was almost prevented in 
this country because of the control of patents by I. G. Farben 
and the various restrictive arrangements it had made. We are 
told that radioactive byproducts can play an important part in 
the development , of medical research. Again we must be warned 
by the fact that the field of medicine and drugs is most highly 
cartelized and controlled. No American company wants to see 
these things happen in the field of atomic power. 

In order to prevent these things from happening in the field 
of atomic power, legislation must guard against certain common 
practices or accidental results. For example, it is a common 
practice for an American company to make an exclusive cross- 
licensing arrangement with some foreign company under which 
patents and know-how are exchanged. A basic part of such an 
arrangement is an understanding between the parties that each 
party is to have a monopoly in tlie particular field in its own 
country. 
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Whatever we may think o£ such arrangements, whether they 
be considered legal or illegal under our present patent system, 
we cannot permit such agreements to restrict the development of 
atomic power. In fact when we are trying our utmost to encour- 
age the development and beneficial use of atomic power, it would 
be anomalous to permit any company, large or small, or even an 
inventor to own any basic patent with the right to refuse to 
license anyone else to use the invented process or machine in the 
field of atomic energy. 

In other fields it is perhaps possible that we may permit com- 
panies to acquire, accidentally or otherwise, key natural resources, 
such as bauxite, radium, or vanadium. But we cannot permit 
such a development for uranium. In other fields we permit com- 
panies to keep secret unique processes which they have developed, 
but in the field of atomic power, there at least should be no 
trade secrets against the government. 

This means that legislation must give to the government spe- 
cial powers to prevent any monopolistic ownership of uranium 
or fissionable materials. It means that, as to atomic energy, our 
regular patent system must be modified. We can t afford to have 
blocking or fencing patents in this field. No company would 
want to assume the responsibility for preventing the widest pos- 
sible development and application of atomic energy devices. 

Legislation must make sure that, unlike the normal foreign 
business agreement between an American and a foreign company, 
the general public interest will override any exclusive arrange- 
ments. It must provide that our own country’s foreign policy 
will have to control the development by American capital of 
foreign factories which might produce atomic bombs. And any 
commission set up by the legislation must have the right of access 
to all American plants and full information as to the state of 
the art. 

This is the antimonopoly, the anticartel side of the picture. 
A part of the same picture, however, is that we want to dis- 
courage control by monopolies in order to make it possible for 
all American business to take part in this new development on 
the widest possible basis-. 

We want business to engage in research and developmental 
work in this field. We do not want research to be only govern- 
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mental or the work of nonprofit institutions. Thus it is impor- 
tant that the government have the right to give grants in aid 
and contracts for research and developmental work to private 
business enterprises. It is also important that some incentives be 
provided for private enterprise so that it will be anxious and wilh 
ing to engage in 'research and developmental work. 

What kind of incentives can legislation in the atomic energy 
field provide? 

We may as well admit the fact that there are some incentives 
which good legislation in this field cannot provide at the present 
time. We cannot permit private enterprise in this country to 
begin the manufacture of fissionable material for the purpose of 
creating power. 

There are two reasons why we cannot permit this. In the 
first place, the production of fissionable material by private com- 
panies for their own purposes and for the commercial sale of 
power will complicate the international situation enormously. It 
would tend also to foreclose the possibilities of an international 
authority under the U.N.O. which would not only have the right 
to inspect but the exclusive right to license the manufacture of 
fissionable materials throughout the world. 

In the second place, we do not know enough about the com- 
mercial possibilities of atomic power to have intelligent legisla- 
tion on that subject. And this is a matter which is so important 
that Congress must decide the issues. 

While commercial and developmental work are going on in 
the industrial field, we will learn more about the industrial pos- 
sibilities. When we learn more, then the Congress will have the 
information on which it can determine what the standards for 
industrial control should be. 

And there is another incentive which good legislation cannot 
give to industry. This is the incentive of the exclusive right to 
control. In other words, whatever the right to refuse to issue a 
license under a patent may be worth, no‘ company in the atomic 
energy field should have this right. 

If legislation in this field should deny to private industry for 
the present the right to manufacture fissionable materials for the 
production of power and should deny the right to industry to 
possess patents which it can refuse to license, will there be suf- 
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ficient incentive so that industry will take part in the develop- 
ment of this new source of power? This is, of course, a crucial 
question which any legislation in this field must face. 

The answer seems to be this : It is unthinkable that American 
business, given complete freedom to go ahead in research and 
development in this all-important field, will not do so. Industry 
can be given the fissionable material for its research and develop- 
mental work. The wide exchange of information should facili- 
tate research. Industry can be given rewards for inventions not 
only through governmental contracts and grants in aid, but by 
receiving a royalty for the use of the inventions it develops. 

Further, during the waiting period it can develop equipment 
or parts to be sold to the government. And industry will know 
that as soon as an international agreement has been reached and 
the Congress has the social and economic facts before it, ad- 
ditional legislation governing further commercial use will be 
passed. Industry undoubtedly will wish to take part in such 
studies as will be necessary before good legislation covering in- 
dustrial use can be enacted. 

I think that if industry is given the choice between intelligent 
legislation enacted after the social and economic facts concerning 
the industrial use of atomic power are known in greater detail, 
or legislation which perforce can provide no standards but which 
gives all-embracing and uncontrolled authority to a commission, 
industry will be on the side of intelligent legislation, and it will 
be willing to wait for such legislation while at the same time 
engaging in research and developmental work. 

It is important that this should be so. This is the only way 
we can encourage peace in the world and at the same time begin 
to get the peaceful benefits of atomic power. 


SCIENTIFIC SECRECY 


I wish to discuss one tremendously important aspect of 
atomic legislation: its provisions for maintaining secrecy with 

M By Dr. Louis N Ridenour, representing the Federation of American Scientists 
Statement before the Senate Special Committee on Atomic En^gv. Hc^m^ on 
S. Res. 179. 79th Congress, 2nd session. Fart 5, p. 535-40. February 15. 1946. 
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regard to the fundamental scientific content of what has been 
called the secret of the atomic bomb. 

This question has been touched on in testimony before this 
committee. There is universal agreement that it is wise and use- 
ful to permit and even encourage full and free publication of all 
the results and findings of basic scientific work, provided only 
that this is not done on a unilateral basis — ^provided, in effect, 
that other nations will trade their scientific results for ours. How- 
ever, some of the individuals who have appeared before you — 
for example. General Groves — ^have either implied or stated ex- 
plicitly that it would not be wise for us to maintain such a 
policy of free publication of basic scientific work if other nations 
refuse to do likewise. I feel that this is entirely wrong. I shall 
try to show you that the interests of our nation will be better 
served by complete freedom of publication of the results of sci- 
entific work than by attempting to restrict the circulation of such 
information to a certain group in this country, in order to pre- 
vent its leakage to foreign nations who might be our enemies in 
a future war. In my opinion, this is true if no other nation in 
the world has a policy of free publication of scientific results. 
It is true whether we think that we have entered on an era of 
international peace, or believe reluctantly that we must prepare 
ourselves for inevitable war. 

It is easy to make an idealistic argument for freedom of sci- 
entific publication: to say that the publication of results is the 
lifeblood of science, to assert that only by demonstrating our 
international good faith by a policy of free publication can we 
hope to set the stage for international trust and understanding 
I shall not make such arguments, because I do not believe that 
they cover the present case. Our nation is clearly committed to 
an atomic armament race at least as an interim national policy; 
the fact that we are still manufacturing and storing up atomic 
bombs admits of no other interpretation. There are evidences 
that other great nations are ready to enter into this race with us. 
Under these conditions, we must make plans in the light of the 
possible failure of the measures now being taken for securing 
international agreement on inspection and control of atomic 
energy. I shall therefore confine my remarks to the desirability 
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of freedom of scientific publication in an era of international 
suspicion, during an armaments race, and even in the midst of 
a war, 

C. F. Kettering has said: *‘When you lock the laboratory 
door, you lock out more than you lock in In the radar field, 
we started with the same atmosphere of secrecy, the same pre- 
cautions about compartmentation of information and clearance 
of individuals, which characterized the atomic bomb project right 
to the end, and still characterize it today. However, we did 
away with most secrecy before the end of the war At the end 
of the war, the Army was publishing a magazine on radar with a 
circulation of over 12,000. It had become by that time apparent 
that secrecy cost us in efficiency far more than it gained us by 
keeping the enemy in ignorance. We found it a lot harder to 
inform the enemy than readers of spy stories may think. In the 
spring and summer of 1943, Allied aircraft were finding and 
Idlling German submarines at a rate not far from one a day, by 
the use of a new type of radar. There was literally no more 
important problem to the German high command than to find 
out the nature of the device our aircraft were using. Exactly the 
same radar was then in use by Allied bombers attacking Ger- 
many; and the inevitable losses of such aircraft scattered this 
radar — about which the German Navy was so eager to learn — 
all over Germany and the occupied countries. Despite all this, 
six months elapsed between the loss of the first complete equip- 
ment to the Germans and their realization that this was the radar 
their submarines had to combat. 

The use of the word “secret” for the results of scientific in- 
vestigation or the findings of engineering is genuinely mislead- 
ing. Let me illustrate what I mean. If I say, “I am thinking of 
a number, but I shall keep it a seaet,” I have used the word 
“secret” in its usual sense. Apart from the possibility of my tell- 
ing you the number, you have no way of knowing it or of find- 
ing out what it is. On the other hand, if I say, I know the 
critical mass of U-235 necessary to make a bomb, and I intend 
to keep it secret,” I am using the word secret in an entirely 
different sense. I am saying to you, not that you cannot find out 
what I know, but that you must find it out for yourself, without 
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my help. This may cause cause you to become annoyed with me, 
but it cannot keep you in ignorance. 

In order to be sure that I am keeping such knowledge from 
you, I mtist also keep it from some of my own people. Since it 
is never known, in science, which man will have a new idea, or 
what each man must know in order to have the ideas and do the 
work of which he is capable, I am hobbling my own work by 
my misguided belief in the usefulness of scientific “secrecy.” 
Arbitrary exclusion of a certain number of my own scientists 
from full knowledge of my progress removes entirely the useful- 
ness of these men. 

This is really the crux of the argument. If we can hide 
nothing permanently by scientific secrecy, then it is clearly un- 
desirable, for it slows our own progress. Scientific history is full 
of coincidences — of cases in which two or more men, in different 
parts of the world, have reached the same result and independ- 
ently of one another’s work and at the same time Dr. A. H. 
Compton, an outstanding figure in the work on the atomic bomb, 
was awarded the 1927 Nobel prize in physics for his discovery 
of what is now called the Compton effect — the inelastic scatter- 
ing of light quanta by free electrons. In Holland, this is called 
the Debye effect, because Compton’s explanation of his experi- 
ments was given independently by Debye at the very same time. 

The Russian physicist, Gamow, and Gurney and Condon — 
the same Dr. Condon who is scientific adviser to this committee 
— ^gave independently and at the same time an explanation of 
the phenomenon of alpha-particle disintegration of the radio- 
active elements. The very phenomenon of nuclear fission itself, 
the basis for the atomic bomb, was only foreshadowed by the 
work of Hahn and Strassmann in Germany, The hypothesis of 
a violent splitting of the uranium nucleus was independently pro- 
posed and verified by Frisch in Copenhagen and by Joliot in 
Paris. The suggestion that plutonium would be a suitable ex- 
plosive for an atomic bomb was made in this country by Prof. 
L. A. Turner. The Smyth report points out that the same idea 
occurred independently to the British physicist Cookcroft, and 
Turner has told me that Von Halban, working in France, had 
the same idea at the same time. 
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Two promising new devices for the acceleration of electrons 
and atomic nuclei to high energies were invented last fall by two 
young American scientists. One, called the synchrotron, was in- 
vented by McMillan, at Berkeley; another, the miaotron, by 
Schwinger, at Harvard. In the summer 1945 issue of the Jour- 
nal of Physics of the U.S.S.R., a Russian physiast named Veksler 
published a paper desaibing these two devices. Though the sci- 
entific shades had been down between Russia and the United 
States during the war, after five years we find Russians and Amer- 
icans doing the same things, in the same way, at the same time. 
The synchrotron involves a magnet, whose design is straight- 
forward but complicated. McMillan is presently building a syn- 
chrotron, on funds supplied by the Manhattan district. When 
a physicist at M.I.T. [Massachusetts Institute of Technology], 
who is also planning the construction of a machine of this type 
asked McMillan for his magnet design, he was told that the 
Army would not permit the release of information on the 
magnet. Who are we attempting to handicap by such restric- 
tions? Surely not the Russians; they not only invented the 
synchrotron, they did it earlier than we did. 

In my own wartime field of radar there were many examples 
of the same kind. Radar itself was independently invented by 
the Germans, the French, the British, the Japanese, and ourselves. 
Each of these nations kept it secret from all of the others, not 
knowing to what little point this was done. Microwave radar, 
which has played such a great role in the AUied victory, was 
made possible by a single invention, the cavity magnetron. This 
is a transmitting tube which gives previously unimaginable 
amounts of power on wavelengths far shorter than those avail- 
able to radio engineers before the war. It was invented by the 
British. When the British sent a scientific mission over to this 
country in the late summer of 1940, one of the most impressive 
of the secrets they had to show us was the cavity magnetron. 
When the radiation laboratory was first set up, an attempt was 
actually made to keep knowledge of the magnetron localized in 
one group of the laboratory, not even letting the men who were 
working on a modulator to energize this tube know of the tube’s 
design. Yet, all this time there was in the Russian literature a 
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paper which exactly described the cavity magnetron, and gave the 
results of experiments with it. 

In the light of all this evidence, and more of the same kind 
which I could quote for hours, you must forgive scientists for 
being impatient with talk of "the secret of the atomic bomb.” 
The Army's policy respecting the release even of the most peri- 
pheral information obtained by the Manhattan project has been 
much too restrictive. Today, for example, more than eight 
months after the explosion over Hiroshima, the entire nonsecret 
literature covering the immense amount of medical work on the 
effects of radiation and of radioactive poisons on living tissue is 
to be found m section 8.70 of the Smyth report. Quoted m its 
entirety, it is: "Extensive and valuable results were obtained.” 
Even in an armaments race such as that we are in today, even in 
the war to which such an armaments race is likely to lead us, 
how do we benefit by withholding the results of such investi- 
gations in medical fields? 

Some of my friends who have had no contact with the bomb 
project have been interested in speculating on the problems 
which surround the atomic bomb. Only a law providing for 
thought control on the Japanese pattern would make it an illegal 
breach of security to tell you the results of this speculation. It 
may be interesting for you to compare some of the results of 
this speculation with the things you have been told as "secrets” 
in executive sessions of your committee. Such results can be 
equally well deduced by the physicists of any second-rate world 
power on the basis of the completely available published infor- 
mation on nuclear physics. If you feel it is proper, I shall be 
glad to tell you of some of these speculations. 

I cannot presume to advise this committee of the detailed 
way in which a bill for atomic energy control should provide for 
peacetime secrecy restrictions on the publication of scientific 
work. It is my opinion that all of the bills so far presented go 
much too far in the direction of imposing such restriction. There 
would be little purpose served by full publication of instructions 
for the manufacture of an atomic bomb, and I believe that it is 
wise to restrict the publication of information concerning finished 
mihtary devices. 
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On the other hand, there is no benefit to us, and there can 
be very serious harm, in restricting the performance of experi> 
ments or the publication of results in any field of basic science, 
nuclear physics included. The definition of “basic scientific in- 
formation in S. 1717 in my opinion is not valid It is impor- 
tant to publish not only the end results of scientific work, but a 
detailed description of how they were obtained. It is only this 
practice which distinguishes modern science from medieval 
alchemy. 

We can make an analogy with the way other weapons are 
handled. The design of guns is kept confidential ; yet the metal- 
lurgy of steel is dealt with in the usual way. Military aircraft are 
designed in secret; yet the aerodynamic principles on which they 
are based, and even techniques such as flush riveting, are freely 
published and available to all. It is thus that scientific and engi- 
neering progress is made. 

Advocates of secrecy in science feel that it will advance our 
national security and strengthen our national defense, else they 
would not advocate it. All of the evidence available to me shows 
that scientific discovery and engineering development cannot 
flourish fully except under conditions which allow all competent 
men to be fully informed, and thus able to contribute to progress. 
We shall weaken, not strengthen, our national defense by any 
restrictive measures on performance or on publication in scien- 
tific fields. , . . 

Senator Hart. Doctor, may I ask one question, in your 
own field of radar It is true, is it not, that we were way ahead 
of our enemies in this last war in our adaptation of miaowaves ? 

Dr. Ridenour. Yes, sir, that is true; and my belief, based 
on five years of observation, is that our leadership in this field 
was entirely due to the fact that the barriers of secrecy were 
broken down entirely between our Army and our Navy and 
among all three armed services of the British and between the 
British and ourselves, so that there was an enormous team of 
perhaps 10,000 scientists and engineers working together with 
full knowledge of the progress of the whole group. They ad- 
vanced the art so fast that our enemies, who were still interested 
in engineering seaecy in this field, could never keep up, 
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Senator Hart. Yes, but carrying your argument to its 
logical conclusion and making the assumption that your enemies 
could have obtained the information at the same time we did 
would have meant that we would not have weapons superior to 
them. 

Dr. Ridenour. Well, sir, I question that, if I may, because 
we must distinguish between knowledge and performance. That 
is to say, it is not enough to be informed of the results of a 
scientific experiment or of the design of a particular device. It 
is still necessary to make use of this information in the perform- 
ance of another experiment, or in the manufacture and employ- 
ment of the device. It is my contention that one must not make 
a small advance in a certain field and say ‘'Now, I must keep 
this secret so no one catches up with me.” He, must say, "I must 
teH this to everyone, to the competent scientists and engineers, 
and I will keep ahead of everyone.” 


EXCERPTS 

There seems to be much confusion today as to whether or 
not our British scientists are in full possession of the so-called 
secret of the atomic bomb Contrary to what President Truman 
may have led some people to suppose, our scientists are, in fact, 
in possession of every detail of manufacture, every scientific seaet 
— in short the whole technical “know-how” as to the production 
of the atomic bomb. American scientists have exchanged scien- 
tific information with British scientists, and unless a progressive 
attitude is adopted in place of our present attitude, I believe that 
the scientists both of Britain and America might themselves take 
independent action, and for my own part I would not blame 
them for so doing. 

What is happening today in the United States of America? 
Only a tiny fraction of the enormous expenditure of, capital, 
materials and labor is being devoted to the peacetime uses of 
atomic energy. Well over 90 per cent of the effort goes to 
producing bigger and better bombs for an undefined purpose. 
President Truman regards this as a sacred trust. Why, then, does 
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he not concentrate on the cheap production of power through 
the release of atomic energy, in which case in a comparatively 
few years men would no longer have to go down into the belly 
of the earth to hew coal, oil could be outdated, gigantic schemes 
of irrigation could make the desert blossom like the rose? More- 
over, there is a tremendous medical side to the release of atomic 
energy. By it a radioactive species of every chemical element can 
be prepared which would be of inestimable value in medicine, 
both for the purposes of research, for diagnosis and for therapy. 
If, by building bombs instead of by ending men's drudgery and 
by solving the secrets of nature, the President thinks that he is 
discharging a sacred trust, then he must be mistaking Lucifer 
for the Almighty. 

The story becomes even more anxious when one inquires 
what firms are, in fact, managing plants on behalf of the Amer- 
ican War Department that are now producing bigger and better 
bombs. Their names are indeed '‘names of fear, xonpleasing to a 
Russian ear.*’ The enormous factories are managed by the firm 
of Du Pont which, as is well known, had agreements with Im- 
perial Chemical Industries of this country and with I. G. Farben 
of Germany, agreements which provided for their revival after 
the war and which are quite reasonably regarded, in Russian 
quarters, as having been part of an encirclement policy directed 
against them. 

We should dissociate ourselves at the earliest possible mo- 
ment from these interests. We should associate ourselves with 
progressive opinion, and with the scientists who are unanimous 
that, at the earliest possible moment, we must get back to the 
peacetime exchange of scientific information , — Captain Raymond 
Blackburn, Labor Member of Parhament for Kings Norton, Eng- 
land, New Republic, N, 19, ’45. p. 663. 

I have said that the issue of the veto in the realm of atomic 
control is unreal for the reason that the atomic bomb is too 
strong for the veto to affect it. Once a nation goes in for the 
illegal manufacture of the atomic bomb, it doesn’t matter how 
much of a veto right there is on paper, the rest of the world 
will take action against that danger. Assuming that a system of 
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control has been adopted, that the crime of the illegal use of 
atomic energy has been defined, that punishments have been 
fixed, inspection has been organized, courts have been established 
or designated to pass on the evidence, the veto ceases to have 
any meaning. For if nation X breaks those laws, or if nationals 
of nation X break them, and have the support of nation X, the 
rest of the world will act, veto or no veto. For the atomic bomb 
is too powerful to permit inaction. And the nation which is 
illegally making the bomb already is at war with the rest of the 
world. So it is unnecessary to insist on a formal renunciation of 
the veto power in such circumstances. The renunciation as well 
as the veto are meaningless. 

To put it another way, there can be no veto of punish- 
ment for the violation of a law. The job of the Atomic Energy 
Commission is to draw up laws for control The veto can be 
used in drafting the law. As a matter of fact, each sovereign 
nation has a veto, whether it is so called or not, when treaties 
are being negotiated or drafted. It doesn’t have to accept a 
treaty or any part of it if it does not like. But once the laws are 
drafted, and the treaty is adopted and ratified, there is no veto 
power by which the operation of law can be called off. That 
happens not to be the veto power which the Russians cling to, 
and which they have made themselves obnoxious in using. 

Let me say again that the veto power is an essential part of 
any organization of sovereign nations, for otherwise a majority 
of nations can decide the course to be followed by another na- 
tion, even to the extremity of forcing that nation to go to war. 
At this moment, when the Russians are playing a lone hand, and 
saying no to everybody and everything, and doing it with a 
tantalizing lack of rhyme or reason, the impulse is to say the 
fault is in any nation having a veto. But that is not the fault. 
The fault is in the Russians for not cooperating in matters not 
affecting their security, and not limiting their sovereign right to 
situations in which they are heading into danger. 

It might be that one day the United States will be in a 
minority. Other countries might wish to force us into a war 
which violates some principle dear to us. This is not probable 
but it is not impossible. And not to have the right to veto such 
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a decision would be unthinkable But here again, as a matter of 
fact, we should exercise the veto whether we had a formaLright 
to it or not . — Raymond Swmg, Radio trajiscript, June 28, *46. 
American Broadcasting Co. New York. 

The development of atomic energy and of its administration 
on a world level and the utilization of its force for peace rather 
than destruction, as I see it, should be through the growth of 
the United Nations Orgamzation. 

I suggest that the United States propose an amendment to 
Article 43 of the United Nations Charter, an amendment grant- 
ing to the Security Council the right and the duty to establish 
and maintain a small United Nations Air Force of five bomber 
squadrons and ten fighter squadrons, manned by volunteers from 
the United Nations, not more than one fifth of the personnel of 
any squadron to be of any one nationality background, to be 
based at five different suitable bases around the world, to be 
financed by a small tax on all international travel, and that the 
United States furnish five atomic bombs to each of these bomber 
squadrons at the five bases around the world to serve as the sta- 
bilization force for world order. 

I suggest the United States propose an amendment to Article 
26 of the United Nations Charter providing that no nations 
shall manufacture an atomic bomb, that the manufacture or pos- 
session of such a bomb would be a crime against mankind. The 
present plants would manufacture the number required for the 
World Stabilization Force, and then stop. 

I suggest that the United States propose to the Umted Na- 
tions that the Security Counal be given the right and the duty 
to establish an Atomic Commission of distinguished scientists, 
with the power and the duty to inspect thoroughly all nations, 
including our own, to keep accurate records of fissionable mate- 
rial, to ascertain their fulfillment of the foregoing charter provi- 
sions. 

I propose that no one shall engage in any nuclear or atomic 
research without registering with this United Nations Atomic 
Commission, but that, once having registered, any scientist would 
be entirely free to carry on scientific research and to publish his 
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results to the world. I wish to emphasi2e that scientific freedom 
is just as important as academic freedom or freedom of the press 
to our way of life. The registration should be merely for the 
protection of mankind as to the location of the research, and to 
faahtate the inspection of the activities. . . . 

The broad policy I advocate means specifically that we must 
do more than give lip service to the United Nations Organiza- 
tion. We must do more than cooperate in a manner of detached 
aloof interest. We must seek constantly to give it vigor and 
vitality and contribute to its growth. I know there are those who 
speak of its inadequacy. It is true, as I said long since, that it 
is only a "beach head in the battle for peace," that it is only 
"a very small step in the right direction." 

But it is nevertheless a tremendously important step. It is 
a vital beach head. It has brought together all of the essential 
elements for effective word administration. It directly and in- 
directly represents three fourths of all the peoples of the world 
and can speak for all. Its purposes are right. ... Its ma- 
chinery and power are limited. Its veto is restrictive. But it is 
flexible. It can grow. It can be amended. It can be changed. 
Do not sell the United Nations Organization short. Do not 
undermine what you have in an academic discussion of what 
you wish you had. The United Nations Organization can be 
developed in any manner the United States, the Soviet Union, 
Great Britain, China and France, and a majority of the other 
nations wish it to be developed, and, realistically, there cannot 
be effective world government without the agreement of these 
powers . — Captain Harold E. Stassen, US.N.R.; former Gov- 
ernor of Minnesota, Academy of Political Science, Proceedings. 
Ja, ’46. p. 106-10. 

The problem [of inspection} can be divided into two parts: 
First, to ensure that no material is illegally diverted from known 
plants ; and second, to discover any attempts to build and operate 
a secret diflFusion plant. If a plant is operating, openly or 
secretly, one basic check that may be suggested is to keep an in- 
ventory on all uranium from the ore reserves, through the min- 
ing, refining and processing, to the final product and wastes. If 



THE ATOMIC BOMB 


239 


this is feasible, it would be a very powerful method for prevent- 
ing the misuse of products of the diffusion plants. Specialists in 
the fields of geology and mining, in metallurgy, in uranium and 
fluorine chemistry and in the gaseous-diffusion process itself, 
would all be needed to work out this problem. , 

In addition to the inspection of all physical aspects of atomic- 
bomb plants and their raw materials, there may be viable methods 
of inspection involving the scientific and technical personnel 
necessary to develop, design and operate such plants. The ques- 
tions that must be answered to determine the feasibility of diese 
methods involve the following points: 

1. The possibihty of making a complete check of all the 
scientific and technical personnel in every country to ensure that 
no important number are being secretly trained and diverted for 
the development and construction of large-scale atomic bomb 
plants. 

2. Any intended violation by a given country of the inter- 
national-control agreement will of necessity be known to some 
of the scientific and technical personnel in that country. Because 
of their overwhelming desire for maintaining the security of the 
world, we feel that there wiU always be a certain percentage of 
these scientists and technical men who will report violations to 
the international-control commission. On this account, interna- 
tional and national laws should encourage and offer definite pro- 
tection to those who report violations. 

3. In order to prevent the secret disappearance of key scien- 
tific and technical personnel and’ in order to detect discoveries 
and developments which may lead to new methods for the pro- 
duction of fissionable material and atomic weapons, it is desir- 
able that there be a rather thoroughgoing interchange of scien- 
tists and technical men. In addition, as a further safeguard, 
there should be complete freedom of publication of all scientific 
and technical discoveries and developments. 

Undoubtedly no system of inspection could be absolutely 
certain to prevent secret production or diversion of fissionable 
material for illegitimate uses. However, under a good inspection 
system, the chance of evading inspectors becomes small, so small, 
in fact, that in all probability the risk of being caught in a vio- 
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lation would deter any nation from such an attempt. Further- 
more ; a good inspection system would create among all nations a 
greater feeling of conhdence in the behavior of their neighbors. 
Such a feeling of security would in itself render the secret pro- 
duction of atomic armaments much less likely. 

While the scientists and engineers seem to feel that an inter- 
national system is technically feasible, it is quite clear that an 
adequate study of this problem has yet to be made. Statements 
concerning feasibility have been based upon the limited infor- 
mation available to individuals A complete picture involves the 
ideas and information of many experts, within and without the 
atomic bomb projects Until some means of coordinating this 
information is provided, a real analysis of the feasibility problem 
cannot be made — Clarke WilUctms, College of the Czty of New 
York. New Republic. Ja. 28, '46 p. 120-1 



PEACETIME BENEFITS OF 
THE ATOMIC AGE 


THE PEACETIME IMPLICATIONS OF THE 
RELEASE OF ATOMIC ENERGY ^ 

Of much more interest [than the destructive uses of atomic 
energy} is its use as man's willing servant. In the long run it 
can hardly be questioned that the peaceful applications of atomic 
energy will be those that will most profouniy affect our lives. 
What these important applications will be is, however, as diffi- 
cult to predict as it would have been a century ago, just after 
Faraday laid the scientific basis for electrical engineering, to tell 
the future meaning of electricity. At this moment the obviously 
great field open to atomic energy is that of production of useful 
heat and power. We also see important though limited medical 
and industrial applications of radioactive materials, artificially 
produced by atomic chain reactions Perhaps more significant 
than either are the new vistas that will be opened up by scientific 
experiments that make use of the by-products of atomic fission. 

Such has indeed been the case with such discoveries as X-ray. 
Fifty years ago it was evident that X-rays were useful for “see- 
ing” through objects, such as the human body, which are opaque 
to ordinary light. It could not be predicted that X-rays would 
become a powerful weapon in the fight against cancer, or that 
researches made by X-rays would reveal the electron and with it 
give us the radio and a host of electronic devices. 

Such unforeseen developments are the result of every great 
discovery of science. It will nevertheless be worth noting some 
of the definite practical applications of atomic energy that we 
can now see clearly before us: 

At present, controlled atomic power in the form of heat is 
in continuous production in large quantities at several plants, 

1 From article "Atomic Encr^ As a Human Asset," by Arthur H. Compton, 
Chancellor. Washmgton University. St. Louis, Amencan Htksopbtc^tl Society. 
Froceedinis. 90, QO, JanuaJ7 1945, 
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especially those at Oak Ridge, Tennessee, and at Hanford, Wash- 
ington. The heat from these plants is a by-product, and is 
carried away in the one case by air and in the other by a stream 
of water. The useful product is neutrons which are used in the 
plants as a means of transmuting certain chemical elements to 
others of specially useful characteristics. Of these transmutation 
processes the most important one is that of uranium into plu- 
tonium. Previous to the fission chain reaction the most abundant 
source of neutrons was the cyclotron which operates on electric 
power. Per kilowatt of energy used, the fission chain reaction 
gives some 10,000 times as many neutrons as a cyclotron, and it 
is not difficult to make a fission chain reaction plant that delivers 
100 times as much power as is used by a cyclotron. This means 
that right now we are using large amounts of atomic power many 
times more efficiently for the particular process of producing 
neutrons than the best electrical machine that we have been able 
to devise. 

Looking to the future, we may expect the use of neutrons as 
a means of producing new elements by transmutation to become 
of increasing importance. Plutonium is a concentrated source of 
available energy and will be a valuable material for peaceful 
purposes as well as for building weapons. 

Other artificial radioactive elements, especially radioactive 
ones, will also find use in medicine, in industry, and in many 
branches of science. It is yet too early to see clearly how im- 
portant these uses may become. 

We have not yet built an atomic power plant that is gener- 
ating electrical power. This is merely because we have been en- 
gaged in winning a war and there has been no serious shortage 
of electric power. If there were sufficient demand for a demon- 
stration, a reasonably efficient plant using super-heated steam for 
driving a turbine could be put into operation within a year. 
Before, however, such plants can be made economical competi- 
tors, with existing practice, a number of years’ development will 
be required. 

While there are several other possibilities, the most obvious 
method of producing power from atomic fission is to heat 
a cooling agent such as air or steam or liquid metal in 
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the chain reactor unit ancj pass this heated coolant through 
a heat exchanger which heats the steam for driving a tur- 
bine. Beyond the heat exchanger of such a plant everything 
would be done according to standard practice. Up to the heat 
exchanger all the design requires new features, among them pro- 
tection against the extreme radioactivity of everything, including 
the coolant, that has been exposed to the neutrons. 

The chain reacting unit itself can assume many forms. The 
one essential is that it shall contain a fissionable substance such 
as uranium, either in its natural state or, if a small unit is de- 
sired, enriched with additional U-235 or plutonium. H. D. 
Smyth, in his official report, has described in some detail how 
this active material can be combined with a moderator such as 
carbon or beryllium or heavy water so as to bring about the 
chain reaction. 

The large atomic power plants now used for producing plu- 
tonium have in them many tons of natural uranium and graphite. 
By using uranium containing more than the usual fraction of 
U-235, chain reacting units have been built that are of much 
smaller size. 

There is, however, a lower limit to the size and weight of 
an atomic power plant that is imposed by the massive shield 
needed to prevent the neutrons and other dangerous radiations 
from getting out. Next to cosmic rays, these radiations are 
the most penetrating that we know and, for a plant designed to 
deliver for example no more than 100 horsepower, are enor- 
mously more intense than the rays from a large supply of radium 
or an X-ray tube. To stop them, a shield equivalent in weight 
to at least two or three feet of solid steel is needed. There 
are basic laws of physics that make it appear very unlikely that 
a lighter shield can be devised. This means that there is no 
reason to hope that atomic power units for normal uses can be 
built that will weigh less than perhaps fifty tons. Driving 
motor cars or airplanes of ordinary size by atomic power must 
thus be counted out. 

Prominent among the advantages of atomic power are the 
extraordinarily low rate of fuel consumption and consequent 
low cost of fuel, the wide flexibility and easy control of the 
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rate at which power is developed, and the complete absence 
at the power plant of smoke or noxious fumes. With regard 
to fuel consumption, when completely consumed, the fission 
energy available from a pound of uranium is equivalent to the 
energy obtained from burning over a thousand tons of coal. 
With the prewar price of uranium oxide at roughly $3.00 per 
pound and of coal at $3.00 per ton, this would mean the eco- 
nomical use of uranium as fuel if only one part in a thousand of 
its available energy is used. Actually we should expect the 
first plants built for producing atomic power to be considerably 
more efficient than this in their use of the fission energy which 
would mean a substantial cost advantage in favor of uranium. 
One must consider also, however, the need to purify and fabri- 
cate the uranium into the desired form. For certain types of 
power plants under consideration, some separated U-235 is 
required and this is expensive. Attempting to consider all such 
factors, it appears that the fuel cost of the atomic power plant 
of the future will nevertheless be small as compared with the 
corresponding fuel cost of a coal burning plant. 

In considering the economic aspects there are, however, many 
other factors. It is not really possible for these to be explored 
until we have actual experience with atomic power plants. First 
is the capital cost. Clearly, if one must charge against the capital 
cost what is spent in research and development, this cost is very 
high indeed. If, however, one looks down the line to a billion 
dollar a year national industry based on atomic power, the na- 
tion can afiFord a considerable investment in the research and 
development required to bring this industry into being. When 
this development is completed, it appears not unlikely that the 
cost of building and maintaining a large scale atomic power 
plant may compare favorably with that of a coal consuming 
plant of the same capacity. 

Much remains to be learned, however, regarding the metal- 
lurgical and other technical problems involved in constructing a 
successful plant to transform fission energy efficiently into high 
temperature heat. The materials to be used may be expensive. 
The designs are, nevertheless, essentially simple. An inherent 
advantage of the atomic power unit is that the heat sources, i.e., 
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the uranium blocks, can readily be maintained at any desired 
temperature regardless of how rapidly the heat is being re- 
moved. This means that a relatively small sized heater unit 
will be needed and that corrosion due to excessive heating is con- 
trollable 

The terrific blasts produced by the atomic bombs have led 
to unwarranted fear of accidental explosions resulting from the 
normal use of atomic power. Explosions such as destroyed Hiro- 
shima cannot occur accidentally. Such explosions must be care- 
fully planned for. The dangers of explosions of the * 'boiler” 
type with an atomic power plant are about the same as with a 
steam plant, which is to say they are practically negligible if 
the plants are designed and handled by competent engineers. 

There is, nevertheless, real possibility of damage to health 
of the operating personnel from ionizating rays emitted by the 
plant itself and by all materials that are taken out of the plant. 
These materials could also become a public hazard. This is 
the problem of the health of radium and X-ray workers on a 
grand scale. That the problem can be solved is shown by the 
fact that in all of the operations of the existing half dozen or 
more such plants, some of which have now been working for 
years, not a single serious exposure has occurred. This, how- 
ever, is due to the thorough inspection and vigilant care given 
by the health staff headed by Dr, Robert Stone. In some of the 
experimental work we have not been so fortunate. Until we 
become much more familiar with nucleonics than we are at 
present, atomic power plants can be safely operated and serviced 
only ;with the help of health supervisors who are familiar with 
radiological hazards. 

All of this points toward using atomic power first in rela- 
tively large units where careful engineering and health super- 
vision can be given. An obvious suggestion is its application to 
the power and heat supply of cities and of large industrial 
plants. Within ten years it is not unlikely that the power com- 
panies designing new plants for dty service will be considering 
favorably the use' of uranium instead of coal for purely eco- 
nomic reasons. 
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This of course does not mean that atomic power will put 
coal out of business. Each will have its own field. For small 
heating units, such as the kitchen stove, atomic power has no 
place. If our national economy grows as it should, coal as a 
chemical agent, as for example in blast furnaces and preparation 
of organic chemicals, will increase in importance. 

From the point of view of the national economy the intro- 
duction of such a new source of power is a clear gain. If it will 
lessen the cost of heat and power to our cities, it will be a 
stimulus to every industry. If it reduces the pall of winter 
smoke, it will be a boon to us all. If it gives cheap power where 
industry and agriculture need it but cannot now get it, it will 
extend our economic frontiers. These are possibilities that lie 
immediately before us. 

Atomic energy is just one more step along the path of 
technological progress. It may, however, be the supreme gift 
of physical science to the modern age. Clearly its value will be 
determined by the use to which it is put. It is especially worthy 
of note that, along with other technical advances, the effect of 
atomic power is to force human society into new patterns. This 
need for human growth to meet the responsibility of atomic 
power is the basis of Norman Cousins' striking statement that 
''modern man is obsolete," 

Let me note briefly three such effects of technology on 
society that can be clearly recognized. These are, first, toward 
greater cooperation, second, toward more training and education, 
and third, toward evaluating ones life in terms of service 
rendered to the community. 

First, the society that is adapted for survival in the modern 
world is one in which an increasing degree of cooperation 
occurs between diverse groups spread over ever larger areas. 
As an example, consider the atomic bomb project, in which 
about a million people of all types and descriptions and spread 
throughout the nation worked together to gain a needed result 
that could be achieved only by a great coordinated community. 

In no field is the growing importance of such cooperation 
more evident than in that of scientific research. Faraday, a 
century ago, was one of the first professional scientists. Work- 
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ing by himself, he covered the whole field of electricity and 
much more besides. Sixty years ago Thomas Edison organi 2 ed 
what was perhaps the first research team to work with him at 
Menlo Park. Now our country has thousands of research labo- 
ratories. From 1900 to 1940 our umversities developed or- 
ganized research groups for studying specific problems. 
Astronomers built specialized observatories. Research centers 
grew for studying diseases. Teams of physicists built cyclotrons 
and surveyed cosmic rays over the world. When the war came 
cooperative research became of greatly increased size and effec- 
tiveness. 

The development of the methods for producing plutonium 
is typical. At the peak there were engaged on this one prob- 
lem roughly five thousand laboratory workers in more than 
seventy locations studying its different aspects. Not only theo- 
retical physicists and nuclear chemists were needed. Equally 
vital were corrosion experts and metallurgists and haematologists 
and meteorologists, laboratory technicians, mechanics and office 
workers of many kinds. No one person could be skilled in every 
field or understand even the meaning of the answers to the many 
problems. But somehow the group mind integrates such knowl- 
edge into the useful form that results in a process that success- 
fully produces plutonium. 

There remains, happily, a valuable place for the individual 
research man who masters and advances his own limited field 
of study. His specialty, however, is of little value except as 
a part of a broader field. More and more we find that even in 
a limited field a team of men with different specialties working 
together does the most effective work. New thoughts develop 
in their discussions. More refined techniques are available. A 
team which thus supplies a combination of originality and special 
skills is the pattern toward which research is moving. 

Cooperation is thus the very life blood of a society based 
on science and technology. Such a society is necessarily made up 
of specialists, not only scientists and engineers, but skilled 
laborers, salesmen, administrators, educators, and legislators. 
Working alone such specialists are useless. When their work 
is coordinated they form a society of enormous strength. It is 
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a major source of our nation’s vitality that we have so many 
diverse elements in our population. Each has its place among the 
many specialties. What the society of an atomic age cannot per- 
mit is the development of antagonisms between these groups 
that will prevent effective cooperation. To love our neighbors 
is becoming the condition of survival And our neighbors with 
whom we work are to be found in all divisions of society 
throughout the entire world. 

As the second evident effect of technology on society, con- 
sider the need for ever increasing training and education. It is 
because of the mechanical skill of many millions of workers, the 
know-how of our many technical men, and the administrative ' 
skill of our industrial and military leaders that our country has 
come out ahead in this war as in the last It is no disparagement 
of the American engineers who have done these great tasks to 
point out that most of the new wartime developments that have 
led to victory, such as radar, submarine detection, rockets, and 
the atomic bomb, have had to be led by men whose scientific 
knowledge is far in advance of that supplied by our technical 
schools and industries in the training of engineers. To com- 
pete in the modern world more people need more training. Nor 
is technical training all that is required. Of greater importance 
is more education for leadership. In a democratic society that 
is forced into a position of world prominence our citi^iens as 
well as our leaders need to understand the problems and human 
needs of aU the nations. 

This pressure for more training and education applies at all 
levels. Automatic machinery performs an increasing number of 
routine jobs. The demand for skilled mechanics to make the 
machines is thus increasing while that for unskilled labor falls 
off. The growing complexity of society multiplies rapidly the 
demand for all kinds of persons trained to keep the work co- 
ordinated. These range from typists to administrators. Of 
those whose over-all view of the needs of society is adequate to 
guide wisely an industry or the growth of a community there is 
an acute shortage. 

The result is more students wanting more extensive educa- 
tion in schools and colleges. Professional schools are becoming 
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graduate schools. More research men will want to carry their 
studies beyond the doctor's thesis. The interruption of our 
college education during the war places our nation at a temporary 
disadvantage with regard to highly trained young men and 
women and is for the moment keeping down the enrollment in 
Our advanced classes. All indications are, however, that the 
postwar pressure on our institutions of higher learning will in- 
crease and continue There is growing interest likewise in all 
aspects of adult education as our citizens strive to keep them- 
selves abreast of the rapid changes of the times. 

The third and perhaps the most remarkable trend is an 
increasing concern that one's activities shall contribute to the weU 
fare of society. It is more difficult to establish this trend by 
citing examples than it is to show the increase of cooperation 
and of education. But it is, I believe, no less real. The ancient 
high regard for the '‘holy man" who retired to a monastery and 
separated himself from society finds little sympathy in our mod- 
ern life. Reading of American colonial history shows that the 
freedom for which our forbears fought was primarily the right 
to live their own Lives in the pursuit of happiness without un- 
necessary restrictions, not primarily the opportunity to shape a 
better society. Now both capital and labor strive to justify their 
position in terms of the usefulness of their contribution to so- 
ciety, and our nation has fought a war with unparalleled una- 
nimity because our loyalty to the common cause made us ready 
for any sacrifice. 

We have not had in this country prominent movements 
similar to that in Germany where the youth was whipped to 
patriotic ardor by the call to lose one’s self in the greater good 
of the state. Nor has any “cause" in this country perhaps met 
with the wide response the Russians have given to communism 
as a political system in which each person consciously works 
for the good of all. Yet Americans respond to many calls to 
service. As members of scientific societies we are aware of our 
own increasing attention during the past generation to the so- 
cial responsibilities of science and scientists. The present active 
concern of the scientists about the political disposition of the 
atomic energy problem is apparently only a representative ex- 
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ample of the anxiety of everyone in the nation that with the 
great issues with which hunaanity is faced his own actions may 
help rather than hinder a good solution. The greater powers 
placed in our hands by technology seem indeed to make us more 
acutely aware of our responsibility to use these powers for human 
ends that go beyond ourselves. 

Typical of the forces working in this direction is recognized 
need that our form of society must attain its fullest strength if 
it is to survive in the fierce competition of the postwar world. 
We have come to realize however that our strength lies in the 
many millions of our citizens who are working efficiently and 
loyally at the nation’s tasks. Widespread education, encourage- 
ment of each individual to seek for the place in the game where 
he can play best, opportunity for advancement and leadership — 
all these have helped to strengthen our society. Self-preservation 
demands that all possible effort be given to enable and encourage 
every citizen of the country to contribute his best to the needs of 
the nation. To attain this result, cultivation of the spirit of serv- 
ice is of first importance. 

The evolutionary law of the survival of the fittest applies to 
societies as well as to individuals. According to this law the 
society of the future will inevitably advance along these lines of 
cooperativeness, of education, and of individual concern with 
service toward the common welfare. If selfish interests or an 
ill-adapted form of government should prevent our growth along 
these lines, some other nation or group that can develop thus 
more rapidly will pass us by. 

You will note that these factors which give strength to so- 
ciety are precisely those that characterize the highest type of 
citizen. Cooperation: he likes to work with others on a common 
task. Education: he has learned to do his own useful task and 
to share intelligently in solving public problems. Service: the 
central objective of his life is to contribute to the common wel- 
fare the maximum that his abilities make possible. These also 
are the factors which make life of greatest value to the individual 
himself. 

My point is this: the release of atomic energy is merely the 
most recent important step of that steady progression of science 
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that is compelling man to become human. He must pay careful 
attention to cooperation, education, and service for the welfare 
of society if he is to thrive under the conditions that science im- 
poses. If we will let ourselves grow as thus indicated, the 
civilization of the atomic age promises to be the richest that his- 
tory has known, not only with regard to material bounty, but also 
in its cultivation and appreciation of the truest human values. 

How then are we justified in describing atomic energy as a 
human asset? 

First, atomic energy now supplies for the first time weapons 
which make it possible for a centralized world government to 
prevent wars between nations. Having made war intolerable 
because of its enormous destructive power, it thus opens the 
way for an international organization to prevent war from ever 
occurring again. 

Second, atomic energy is now a source of useful new mate- 
rials produced by transmutation. It promises to supply us with 
heat and power available in large quantities wherever needed 
and thus to open new economic frontiers. New advances in 
medicine, in industry, and in science are on the horizon. 

Third, as the most recent great step in the long progression 
of advances in science and technology, the advent of atomic 
energy is forcing mankind along the diflficult road to greater 
humanity. Growing cooperation, education, and spirit of service 
are evident trends. 

The present is thus a time for hope. True, the atomic bomb 
has brought us face to face with the fact that continued world 
strife will mean disaster and death. It is however likewise true, 
and much more worthy of attention, that the way is now open as 
never before for the world to reach a true unity, with world 
peace a necessity that can and will be attained. 

When our first parents ate of the fruit of the tree of knowl- 
edge, they became as gods, knowing good from evil. Much as 
they longed to return to the garden of innocence an angel with a 
fiery sword stood in their way. Their only hope for peace lay in 
work to make the earth give them a fuller life. Somehow the 
marvel occurred that in their work they became human souls 
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who shared the task of their Creator and came to be called His 
children. 

The same angel with the same fiery sword prevents us from 
returning to a pre-atomic age. We have no choice but to use 
our great new powers in the effort to build a better world. 

In the fierce competition between social systems in the atomic 
age the need for strength demands that we enable every citizen 
to contribute to the common welfare as his abilities may permit. 
Permanent peace can now be secured if we will work for it. 
Increased prosperity with broader horizons lies before us. Great- 
er development of the human spirit is the inevitable consequence 
of the increased responsibility for using our new powers. These 
are among the greatest of human goods. 

(^UTURE USES OF ATOMIC ENERGY ^ 

The urgency of war problems left little time for the few 
scientists with sufficient knowledge of nuclear engineering to 
reflect about the future possibilities of nuclear energy. The ex- 
clusion of non-project scientists from technical information about 
atomic energy and the scientific details on which its development 
depends has made really original ideas about future applications 
— ideas which come from fresh viewpoints — remarkably scarce. 
Nevertheless, the field of usefulness of atomic energy is so en- 
ormous that even the applications which have already been 
thought about ("without trying,” one might be tempted to say) 
change completely concepts of the possible! and the impossible. 

In short, atomic energy plants have possibilities of use which 
are essentially unique. 

The characteristics of atomic energy units which give them 
these values are their compactness with large power capacity, and 
their economy of "fuel.” They are known generally as "piles” 
because the first experimental one made was a pile of graphite and 
uranium stacked together a particular way. 

Thus, a million-kilowatt electrical power plant need be no 
bigger than a big-city power substation, with the pile itself only a 

2 Atomic Scientists of Chicago. Th^ Atomic Bomb, Facts and Implications. 
p, 29-40. 1946. 
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part of the whole. Compare this with the tremendous structures 
of Boulder Dam, Muscle Shoals or Grand Coulee, water-power 
units with roughly similar capacities. 

An idea of the fuel economy of the pile as a power source may 
be obtained by comparing the bulk of a pound of uranium or 
plutonium with that of 1500 tons of coal, which gives, when 
burned, about the same amount of energy as the pound of urani- 
um or plutonium does when consumed in the pile. Similarly, 
250,000 gallons of fuel oil, or 40 million cubic feet of natural 
gas are also approximately equivalent to a pound of uranium. 
One pound of uranium or plutonium ... is capable of yieldmg 
almost twelve million kilowatt-hours of energy, enough to supply 
the total power consumption of the United States for a quarter 
of an hour. An atomic power plant operating at the million- 
kilowatt level thus needs only about two pounds of uranium or 
plutonium a day, a good bit easier to transport than 3000 tons 
of coal. 

Many rich areas lie relatively unused because of lack of fuel 
or power, and many wasteful procedures are part of our economy 
because raw materials are found far from their place of final use. 
The combination of virtues possessed by a pile — compactness, in- 
dependence of natural watercourses, and relative freedom from 
supply problems — ^makes for possibilities which might have been 
dismissed as fanciful dreams. 

With heat and power supplied by a pile, the rich Alaskan 
areas might be made liveable and highly productive. Ores need 
no longer be shipped long distances in their crude forms but their 
valuable constituents may be refined at the mines. Bauxite, for 
example, might be transformed into aluminum at the mine, avoid- 
ing the long and wasteful shipping from South America it now 
undergoes. Magnesium, now assuming importance as a stmctural 
light metal, can be manufactured at the seashore, as it is a major 
constituent of sea water. Many economies in transportation of 
both materials and electrical power might be effected by strategic 
location of atomic energy power plants. 

In its present state of development, atomic energy does not 
compete with common fuels, but this need not be the case in the 
future. Consider the trainload upon trainload of coal which sup- 
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plies winter fuel for cities such as Minneapolis, Chicago, Pitts- 
burgh, and many others. A central heating plant for each of 
these cities (a pile, whose energy would be used to warm air or 
form steam) would not only free transportation for other items, 
but would eliminate the characteristic winter atmosphere of coal 
smoke and soot. Furthermore, the coal so saved would be avail- 
able for chemical use, to give synthetic gasoline, and to furnish 
the basic ingredients for the many plastics, fibers and other syn- 
thetic chemicals which are coming into use more and more. 

After indicating some of the dazzling prospects opened up by 
atomic energy development, it is perhaps important to indicate 
those for which atomic energy (as exemplified in the uranium 
pile) cannot be used. The limitations depend primarily on cer- 
tain physical characteristics of the unit. Here we need only point 
out that the pile is the source of very intense and very dangerous 
radiations, so that for the protection of those in the vicinity an 
encircling shield of many feet of concrete or other proper ma- 
terials is essential. It is estimated that such a shield alone would 
weigh over fifty tons for the most compact sort of power system. 

Another limitation is the fact that even though a very small 
amount of power may be desired, a large amount of material must 
be invested initially. This fact is related to the concept of ''criti- 
cal size.” The minimum cost of materials for a power unit may 
well run into hundreds of thousands of dollars. It therefore 
becomes uneconomic to consider atomic energy units for low 
power uses such as, for example, the lighting, heating, and air- 
conditioning of individual dwellings. 

In addition to the factor of economy, the factor of weight 
will rule out the use of atomic power for vehicles such as auto- 
mobiles. A power unit as heavy and bulky as that indicated above 
would almost certainly also be out of the question for any airplane 
yet built, and its usefulness in driving railroad trains is equally 
problematical. A large ship might perhaps find the weight and 
size of a uranium or plutonium power plant within tolerable 
limits, but many factors would need to be weighed carefully be- 
fore a decision to use piles as a motive force for ships were made. 
On the whole, therefore, the advent of atomic energy will not 
immediately revolutionize transportation. 
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It may, on the other hand, provide the key to space travel 
which has until recently been deemed completely fantastic. But 
it is true in this case as in all the others cited that progress will be 
made only when experts in diverse fields are allowed to speak 
freely witii the atomic power experts. Continued maintenance of 
secrecy barriers stifles progress within the atomic energy field as 
well as without. 

Tantalizing as the prospects of large-scale atomic power plants 
are, it may very well be that power will not be the most important 
product derived from the operation of atomic energy units 
(Spiles’") . The prospects of power are actually of less immediate 
importance than are the possibilities opened up through the pro- 
duction of radioactive substances even in sm^ piles. In other 
words, piles will be useful and important for the production of 
radioactive substances and penetrating radiations even during the 
period in which power piles are not economically practical. Such 
radioactive substances have been made before, in minute amounts, 
by means of cyclotrons and similar apparatus, but the use of a pile 
will make possible the manufacture of tremendously larger 
amounts of such materials. While all the uses of radioactive sub- 
stances cannot be foreseen at the present time, enough work was 
done before the war with the tiny amounts available then to point 
out the directions future work may take. 

General Fields of Usefulness, Probably the most important 
uses of these new substances will be in the field of research — 
research in medicine and biology, in industrial processes, and in 
pure science. Developments in aU of these fields will be greatly 
accelerated, for the availability of large amounts of radioactive 
substances will put into the hands of research men a new and 
most powerful tool — one which will make possible the gathering 
of knowledge unattainable by any other means. Radioactivity 
gives promise of being as important to medical and biologic^ 
research as was the microscope, as important to chemical research 
as was the chemical balance, and as important to physical research 
as was the spectroscope. 

In this new era of rapid scientific and technological develop- 
ment, the acceleration of all kinds of research means that advances 
in the well-being of man will be made more rapidly, that cures for 
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diseases will be discovered more rapidly, and that the new prod- 
ucts and materials will be developed, which may give rise to great 
new industries comparable in si 2 e and importance to the synthetic 
rubber, the plastics, or the light metals industries. 

From discoveries made before the war, it was already evident 
that radioactive substances will find direct use in medicine for the 
treatment of certain diseases, and that in industry they will enable 
many processes to be carried on more efficiently and economically. 

Radiations and Substances Produced by a Pile. Thick concrete 
or steel shields are built around piles as protection against their 
intense gamma and neutron radiations, similar to those which 
injured and killed so many people in the atomic explosions at 
Hiroshima and Nagasaki. These radiations can be made avail- 
able for controlled medical or industrial use through ports cut in 
the shielding. The radiation is emitted as a beam through these 
ports. Such use of these radiations is confined to the vicinity of 
the .pile. It is an important extension of the usefulness of the 
pile that it can be used to manufacture other highly concentrated 
and portable sources of penetrating radiations. 

These sources of radiation are radioactive materials formed 
in the pile, which are concentrated into a small bulk and which 
may then be shipped away in suitable containers. It is not possi- 
ble to prepare portable sources which will emit gamma rays with 
the intensity of the pile itself, nor is it generally possible to pre- 
pare strong sources of neutrons. For most purposes, however, 
such concentrated, portable sources of beta and gamma rays as are 
available will be convenient and more than adequate. 

Radioactive materials may be produced in the pile by two 
methods: (1) isolation of fission products, and (2) activation 
of foreign substances placed in the pile. If the desired radioactive 
element is one of the fission products, it may be secured by re- 
moving some of the uranium from the pile and separating the 
desired fission product by chemical procedures If the desired 
radioactive element is not one of the fission products, it can be 
prepared by putting a normal piece of that element into a" thin 
walled tube which extends deep into the pile. Inside the pile it 
receives a tremendous bombardment with neutrons, and is thereby 
made radioactive. The radioactivity thus produced decays away 
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at the normal rate characteristic of that element, so that the radio- 
activity persists after the material is removed from the pile. 

Uses of Radioactivity. The use of radioactivity falls into two 
categories: (1) the employment of the energetic and very pene- 
trating radiations emitted by piles or radioactive elements, and 
(2) the use of the property of radioactivity as a **tag” for the 
atoms possessing it (the method of "radioactive indicators” or 
"radioactive tracers” ) . 

1. Use of Radiations: Industrial Uses. A number of uses 
are already known for sources of intense, highly-penetrating radi- 
ation Gamma-ray emitting radioactive materials may be used as 
cheap, portable sources of radiation for "X-raying” large pieces 
of meti and other opaque materials for the detection of flaws. 
They may be used in automatic regulators of various types, in 
which the radiations can be used to set off control mechanisms. 
High intensity radiations may have a great effect upon industrial 
chemistry. Just as sunlight bleaches many coloring materials, so 
many other chemical reactions — some of considerable importance 
industrially — can be made to take place when intense gamma-rays 
are used. 

Medical and Biological Uses. Some types of medical treat- 
ment involve the irradiation of portions of the patient’s body. 
Certain types of cancer, for example, yield to neutron irradiation, 
and others to gamma-ray irradiation. Either type of treatment can 
be given to many patients at the same time if a pile is available. 
Or gamma-ray emitting materials produced in the pile may be 
used instead of radium. Such materials will be cheap and plenti- 
ful where radium has been expensive and rare. Because of the 
wide variety of substances emitting gamma- and beta-rays, the 
substance used can be chosen to fit the particular case. For ex- 
ample, if a short, intense irradiation is desired, a radioactive sub- 
stance of short life time may be introduced into the desired area. 
After a short time, it will have disappeared by radioactive disin- 
tegration. 

Another method of using the radiations from radioactive sub- 
stances in therapeutic work is by feeding or injecting them in a 
form which may be stored in the affected organs. Thus, radio- 
active phosphorous has been administered in the treatment of 
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leukemia, being concentrated in the blood-forming organs; and 
the concentration of radioactive iodine in the thyroid gland has 
been used to treat thyroid disease. Since strontium tends to be 
concentrated in the bones, it has been suggested that radioactive 
strontium can be used in the treatment of bone tumors. These are 
some of the procedures tried before the war ; with the availability 
of large quantities of all kinds of radioactive materials, from 
radioactive phosphorous to radioactive arsenic, many more sunilar 
uses will be developed. 

We must avoid assuming, however, that a universal cancer 
cure is just around the corner. Some tumors are actually more re- 
sistant to rays of all kinds than the normal body tissues, which 
must, of course, remain relatively undamaged during the treat- 
ment. Moreover, there is still no curative treatment for cancer 
which has become disseminated throughout the body. We are 
justified, however, in believing that many improvements in cancer 
treatment will follow the investigation of the use of new radio- 
active substances, just as experience and wisdom have constantly 
improved the results from the use of radium and X-rays. 

2. Use of Radioactive Materials as ^'Tracer.” A most im- 
portant use of radioactive substances depends upon the fact that 
extremely sensitive instruments (o.g., '*Geiger-Muller counters”) 
are available for the detection of the radiations from radioactive 
materials. It is possible to detect the presence of very tiny 
amounts of these substances. For example, it is possible to detect 
a millionth part of a millionth of an ounce of radium. If radio- 
active material is added to non-radioactive material, it is possible 
to foUow the mixture by using instruments to determine where 
the radioactivity has gone. For example, it is possible to follow 
the flow of gas through a complicated system of pipes and re- 
actors, by adding a small amount of a radioactive gas and follow- 
ing the migration of the radioactivity with a ”Geiger-Muller 
counter.'’ This is an example of the simpler of the two types of 
uses for a "tracer,” namely, following the bulk movement of a 
liquid, gas, or solid. 

In the second type of application, radioactive tracers are used 
to follow a particular chemical component of a mixture. To take 
a specific example, if copper disappears from a solution as it flows 
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through a system of pipes, it is possible to determine where the 
copper is being lost, ''^en a small amount of radioactive copper 
is added to the solution, this radioactive copper travels with the 
normal copper and is lost at the same place. This region can then 
be located by using a Geiger-Muller counter to detect the gamma 
rays emitted by the radioactive copper. 

The use of such specific radioactive tracers depend upon the 
fact that all forms of an element have essentially the same chem- 
ical and physical properties. Thus, the element cobalt normally 
is composed of atoms called cobalt- 5 9. When bombarded with 
neutrons, another form of this element is made, called cobalt-60, 
which is a radioactive substance. It has a life time measured in 
years, and disintegrates by emitting a beta-ray and a gamma-ray. 
The stable atom cobalt-59' and the radioactive atom cobalt-60, 
once they are mixed, will travel together through any kind of 
chemical reaction. Thus, the whereabouts of a large amount of 
ordinary cobalt (cobalt-59) may be followed by “tracing'* a min- 
ute amount of cobalt- 60 mixed with it. 

Industrial Uses of Tracers, Radioactive tracers already have 
been used industrially to measure the flow of liquids and gases in 
the manner of the example given above. Thus petroleum en- 
gineers have used radium as a tracer to map oil pools. Radium 
mixed with oil is pumped down a well, and its distribution is 
measured by its radioactive properties. Because of the great 
sensitivity of methods for detecting radioactive 'materials, it is 
possible to find the radium even after it has become greatly di- 
luted by being spread through a large pool. 

Radioactive elements may greatly simplify chemical analysis 
problems in plant production work, such as the refining of steel. 
Very often it is necessary to hold up a process until a time-con- 
suming chemical analysis has been made by the laboratory. If a 
tracer is introduced at the beginning of the process, it is possible 
to set up simple, quick, and often automatic analyses by radio- 
activity measurement which will eliminate the usual holdup. Such 
a process has been patented for following phosphorous in steel 
refining. 

Hydrogen is one of the important elements composing petro- 
leum. Radioactive hydrogen used as a tracer has already supplied 
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valuable information as to what goes on in the process of "crack- 
ing” petroleum, a process which produces high-quality gasoline 
and other valuable chemicals. It has been possible to find out a 
great deal about what occurs to the complicated molecules com- 
prising petroleum during the cracking process, and such knowl- 
edge inevitably leads to improvements and new developments. 

Chemical Research Uses of Tracers. The use of tracers in 
general scientific research will certainly expand tremendously as 
soon as the materials are available. The organic chemist, for ex- 
ample, is concerned with a vast number of compounds composed 
to a large extent of carbon and hydrogen. As mentioned before, 
a radioactive form of hydrogen is available; a radioactive carbon 
has also been made. With these two, the organic chemist may be 
able to determine just what happens to organic molecules when he 
heats them, or boils them, or causes them to react. With such 
knowledge, he can learn how to make them more easily, and more 
cheaply; and he can learn how to make more and more useful 
compounds. Considering that a very great portion of our chem- 
ical industry is based upon organic chemistry, basic advances in 
this field are sure to exert great influence. This is only a limited 
example of what the availability of radioactive tracers for all the 
elements can mean to chemical research. 

Biological and Medical Uses of Tracers. One of the im- 
.portant uses of tracers in biology and medicine is to find out how 
the human body functions. It has been the experience of the past, 
that when such knowledge is available, methods of devising cures 
for diseases are greatly simplified. When bacteria could be iden- 
tified under the microscope, the attack on bacterial diseases became 
much easier. The use of tracers made by cyclotron bombardment 
has already revolutionized much biological and medical research, 
because experiments may be attempted which are impossible with- 
out tracers. 

Some of the uses of radioactive tracers are fairly obvious. 
Thus, the rate at which the blood flows through arteries and veins 
can easily be measured by injecting the tracer at one point and 
measuring the time which elapses before it arrives at the point 
where the detecting device is placed. In a similar fashion, the 
rate at which sap rises in plants may be found directly. 
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The concentration of a substance in a certain part of the body 
can be directly demonstrated. The accumulation of iodine in the 
thyroid can be shown by placing a counter on the neck after radio- 
active iodine is administered. This method has been used to study 
the nature of various diseases of the thyroid, in which the gland 
may be avid for iodine, or may refuse to store it. It is also pos- 
sible to determine, by injecting a very small amount of radioactive 
iodine into a patient with thyroid cancer, whether it is worth while 
to treat the patient with a much larger amount, or whether opera- 
tion is called for. 

These and similar uses of radioactive tracers hardly scratch 
the surface of the possibilities. Minute, non-poisonous amounts 
of drugs, vitamins, and poisons can be followed around in the 
body by the radioactive tracer method, because of the great de- 
tection sensitivity. "Tagged” drugs will shed new light on the 
site and mode of action of therapeutic agents (such as the "sulfa” 
drugs and penicillin) and allow a totally new approach to medica- 
tion. Moreover, the greatest value of this method lies in what it 
can tell us about those normal body processes whose investigation 
defies ordinary chemical methods. 

We know, for instance, that the body continually requires 
food, that a great variety of foods must be eaten, and that some 
are "burned” in the body and produce heat. We have found out, 
by very difficult and painstaking experiments, the identity of a 
great many of the chemical compounds which are formed in the 
body from the food originally taken in. If we analyze an organ 
at two different times, the analysis often does not show any 
appreaable change, so that it is usually impossible to tell what 
has been happening between these two analyses All of the 
subtle vital processes can be studied relatively easily and in great 
detail by using tracers, for we can make one of the normal body 
compounds in a radioactive form, administer it, and then follow 
the complete history of the "labelled” molecules. The course of 
phosphorus in the body has been traced in great detail in this 
fashion. 

This method has already shown that many of the structures 
of the body, which had always been considered to be stable, are 
really changing, breaking down and rebuilding, at great rates of 
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speed. These changes can now be watched, and it is fair to say 
that the method gives us a wholly new conception of body and 
cell processes. Such a revision of our basic ideas leads in turn to 
changed interpretations of health and disease, greatly affecting 
medical practice. 

In plant biology, the tracer method has already shown itself 
to be of great importance. One of the most puzzhng and im- 
portant problems of science is "How do plants manufa^re sugar 
out of carbon dioxide, water, and sunlight^” If man could dupli- 
cate this process of * 'photosynthesis," first in the laboratory and 
then on an industrial scale, the bountifulness of the earth might 
be greatly multiplied The world’s fuel and food supplies would 
be assured as long as the sun continues to emit light. A most 
powerful tool at the disposal of the chemist and biologist for 
understanding, and perhaps eventually duplicating photosynthesis, 
is the tracer, radioactive carbon, which has been mentioned before. 
If, as a result of our greatly increased production of radioactive 
carbon, the riddle of photosynthesis is solved, that, and not power 
plants or atomic bombs, will stand as the greatest achievement of 
atomic energy release. 

Summary. The most significant uses of artificial radioactive 
materials will be in laboratory researches in which the tagging of 
atoms through their radiations will enable technical advances to 
be made whose very nature cannot be predicted at this time. Just 
as the experiments of Fermi in 1934 led, all unexpectedly, to the 
production of the atomic bomb and other atomic energy sources 
in 1945, so the final results of such "tracer” researches and their 
influence on life even a few years from now cannot be ade- 
quately anticipated. But the ..effect will be great. A necessary 
condition for obtaining these benefits, however, is an enlightened 
attitude towards the control and release of radioactive materials 
and information concerning the methods for using them. 

For the purposes of manufacturing radioactive materials or 
for using pile radiations, it is not necessary to have piles which 
can supply industrial power. Piles incapable of delivering useful 
power can still supply adequate amounts of radioactive materials 
to all users and can also serve as strong sources of gamma and 
neutron radiation. In order to simplify the problem of interna- 
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tional control of atomic weapons, it may be considered necessary 
to delay for a time the use of atomic power on a large scale since 
the power installations may be used to form quantities of fission- 
able material which could be used in bombs. Even if this post- 
ponement occurs, it will not be necessary to delay at all the great 
benefits derivable from the use of radioactive materials. 


THE IMPACT OF NUCLEONICS ON MEDICINE ^ 

According to the newspapers and the reports of the scientists 
who viewed the destruction at Hiroshima and Nagasaki, many 
Japanese were damaged by radiations released at the time of 
the explosion of the atomic bombs. Some died immediately and 
others over a period of weeks. In the case of the latter, their 
hair fell out, they developed diarrhea, bled from various sur- 
faces, developed ulcerated throats, had their blood cells de- 
stroyed, and in other ways resembled experimental animals 
whose bodies had been exposed to lethal doses of various kinds 
of radiations. The radioactive fission products, on the other 
hand, apparently nearly all went up in the overheated doud and 
were diluted in the upper atmosphere. It is clear that just as 
people died from and were injured by pressure waves and heat 
waves, so they died from and were injured by radiation waves 
at the time of the bomb explosion. Fortunately or otherwise, 
as you care to view it, the tremendous radioactivity of the fission 
products themselves was wasted by going off in the cloud. Had 
th^ bomb exploded nearer the ground, conditions might have 
been different. 

So much for the destructive aspect. Surely the atomic age 
has a constructive aspect for medicine. What do we mean by 
the atomic age? As now used, the atomic age is synonymous 
with atomic bombs and started on July 16, 1945, at Alamo- 
gordo. Atomic bombs offer medicine nothing unless it be an 
increase in the desire to learn how to treat people who may be 

3 By Robert S. Stone, M.D , Professor of Radiolo^, Umversi^ of Olxfornia: 
m charge of medical research in atomic energy development. Chemtcal and En- 
gsneertng News 24.482-5. February 25, 1946, Also published in Chemtstry. 
19 18-22 January 1946. 
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overexposed to radiations. Most people really mean the age of 
atomic power — ^power obtained from nuclear chain reactions. 
That age started on December 2, 1942, when the first chain- 
reacting unit became a reality. Several controlled chain-reacting 
units have been built since then and it is obvious that they can 
provide the following: 

1. An abundant supply of the particular radioactive isotopes 
formed in the fission process. 

2. A supply of such other radio -elements as can be made 
by bombardment with neutrons of the energies available. 

3. A source of slow neutrons. 

4. A source of fast neutrons. 

All these were available before chain-reacting piles came 
into existence but in quantities so small as to be very limited in 
distribution and usefulness. 

While trying to anticipate what these tools are going to 
mean to biology and medicine in the future, it is well to re- 
member that the usefulness of the discharge of electric currents 
through rarefied gases and vacuum tubes was at one time a pure 
research problem where knowledge was sought for the sake of 
knowledge. Not one of the early experimenters even thought 
of the Roentgen ray. Even after Roentgen had discovered the 
X-ray, many people thought of it as a tool which would be use- 
ful for locating fractures. I do not mean to imply that the use 
of radioactive materials and neutrons will, of necessity, create 
such a change in our medical procedures as have X-rays, but I 
firmly believe that there is a defcite probability that such will be 
the case. 

The use of artificial radioactive materials for research in 
medicine and biology is probably the field in which it is easiest 
to see the usefulness of the new tools. Many radioactive isotopes 
were available from cyclotrons before the war, but the limited 
quantities controlled the type of research done and the number 
of people who could obtain and work with them. The con- 
servatism of the medical profession in adopting new tools, the 
same conservatism that was slow in using clinical thermometers, 
stethoscopes, and antiseptic techniques, has also played its part 
here. 
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Radioactive phosphorus and the nonradioactive isotopes of 
nitrogen, carbon, oxygen, and hydrogen have already been used 
with conspicuous success in determining the mechanism of many 
complex steps in metabolism. They have thrown considerable 
light on how single atoms are exchanged in living material for 
other atoms, even in such apparently permanent structures as 
teeth and bones. The use of radioactive carbon in studies of 
plant and animal metabolism offers the greatest possibility of 
advance in the understanding of life processes. Carbon is de- 
sired because of its long half-life. The use of very short-lived 
carbon isotopes has already radically changed the knowledge of 
photosynthesis. Using piles, carbon can be made in much 
greater quantities than before and with this isotope, the processes 
of photosynthesis can be further elucidated. No life at all would 
be possible on earth if we did not have plant life to synthesize 
organic matter from the nonorganic materials of carbon dioxide 
and water. Just what significance the understanding of this 
process will have cannot be foretold. In animal life very little 
is known about the mechanism of fundamental processes. Many 
of these will undoubtedly become clearer when we can trace the 
"’tagged” radioactive atoms of carbon. 

The use of nitrogen and sulfur in the study of protein 
metabolism offers possibilities of great significance. Phosphorus, 
strontium, and iron have already been used to good advantage 
and their field can be greatly expanded. There are numerous 
elements in the body which are required in very small amounts 
and whose exact usefulness is not clearly understood. Some of 
these, such as boron, manganese, cobalt, etc., can be investigated 
better with radioactive isotopes. It is reported that the sheep 
in New Zealand died for lack of cobalt, and yet the role that 
cobalt plays in metabolism is unknown. Copper is known to 
be an important, if small, ingredient in the human body and 
yet its function is not clearly understood. Radio-copper can 
probably be of great value in this study. 

The use of radioactive materials in pharmacology offers a 
very wide field for expansion. It should be possible to follow, 
as has been done in a few instances, the course of drugs and 
thereby gain a better insight into why and how they act. 
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The use of radio-elements in the field of therapy is one that 
still requires a large amount of work. The place of radio- 
phosphorus in the treatment of leukemia is well established, 
but with larger quantities available, a larger number of patients 
can be treated by different physicians using various techniques of 
administration. The use of radio-strontium in the treatment of 
metastatic carcinoma in bone and for other diseases can now be 
tried in a much larger field than was ever possible before. 
Radio-iodine, which has already proved its usefulness in certain 
cases of hyperthyroidism, can now be used in much greater 
quantities. These are the obvious problems which need im- 
mediate attention. There are surely many more which are not 
apparent now but will come to the forefront as the work in this 
general field progresses. 

One of the hopes for the future is that some chemical may 
be found which will lodge in cancer cells, at least in much 
greater concentration than in any other type of cells. If such 
chemical is not by itself able to kill the cancer, then a radio- 
clement may be attached to it and thus a more effective means of 
treating cancer may be developed than anything known before. 
The effectiveness of this would lie in the fact that the distant 
metastases, as well as the primary lesion, would be attacked. 

Another field in which radioactive materials from the pile 
can be used is that of substituting for radium. Elements such 
as tantalum and cobalt can be placed in the pile and made radio- 
active in such a way that they give off gamma-rays of high energy. 
By this means, it will be possible to make treatment bombs that 
will contain hundreds of curies rather than our present small 
bombs of two to ten curies of radium. Whether such methods 
will offer any advantage over the 1,000,000- to 20,000,000- or 
100,000,000-volt X-rajr machines, which are possible now be- 
cause of developments of transformers, tubes, and betatrons, 
remains to be seen. There is also the possibility that needles 
could be made of tantalum and kept activated in a pile until 
desired for use. For interstitial therapy, these could replace 
radium, but since the activity remains in them much longer than 
in radon, they could not replace that gas. However, radiations 
of various penetrations will be available from different radio- 
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elements so that those therapists who wish to use such varying 
energies will have them available for any use they care to make 
of them. 

The use of radioactive materials in diagnostic procedures 
in medicine will expand as these materials become more avail- 
able. The uptake of radio-iodine by the thyroid gland has been 
shown to be characteristic in various types of pathological con- 
ditions of that gland. More recently the usefulness of radio- 
sodium has been established in diagnosing the extent of defec- 
tive circulation in the extremities m such conditions as immer- 
sion foot, arteriosclerosis, and thromboangitis obliterans. Many 
new procedures will undoubtedly follow in great profusion 
when the radioactive elements become available. 

Fast neutrons have been used for the treatment of human 
malignancies since 1938 and some experimental biological work 
was done before as well as since that time. Two hundred and 
twenty-eight patients with presumably incurable cancer were 
accepted for treatment between September 1939 and February 
1943. Twenty-six of these were still aHve in June 1945. These 
inconclusive statistics, coupled with clinical experience, indicate 
that neutron therapy has been of value but since it has been used 
under the direction of only one radiologist and no single tech- 
nique was given a fair trial, it is desirable that fast neutron 
therapy be further investigated. Data obtained by the physicists 
indicate that more penetrating neutrons than those already used 
will be needed to treat effectively deep-seated cancer. The 
fastest neutrons available from the pile are still in all probability 
not penetrating enough to be of value for treating any except 
superficial lesions We will still be dependent upon cyclotrons 
for more penetrating neutrons. 

Just what therapeutic value slow neutrons will have is not 
yet clear. One method of using them was suggested a few years 
ago. The element boron captures slow neutrons and immediately 
emits an alpha-particle which produces dense ionization for a 
very short distance. If boron could be made to localize in 
tumors and the individual with the tumor then placed in a beam 
of slow neutrons, possibly even the small number of neutrons that 
penetrate to the necessary depth in the body would cause suf- 
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ficient disruption of the cancer cells to kill them. Such possi- 
bilities deserve further investigation. 

It is apparent that the age of using nuclear energy was 
already here and being used by the medical profession before a 
chain-reacting pile was started. The study of nuclear changes 
started when Becquerel, stimulated by the work of Roentgen, 
discovered that it was not the induced fluorescence but the nat- 
urally occurring rays from uranium that caused changes in photo- 
graphic plates. The discovery of radium by the Curies provided 
the first source of nuclear energy for medical and biological uses. 
The discovery of the phenomena of artificial radioactivity wid- 
ened the field and the discovery of the cyclotron was a great 
stimulus to its advance. Now atomic power machines, by which 
is meant those machines utilizing the energy from fission, have 
again increased tremendously the possibilities for the useful ap- 
plications to medical xesearch and therapy of radioactive isotopes 
and neutron rays. 

From a continuous stream of scientific development, which 
in 1895 centered in Roentgen and in 1945 in atomic power, have 
come numerous side streams that have proved of extreme value 
to biology and medicine. Those who have taken part in all of 
this research have usually been limited to narrow and restricted 
fields because the minds of most men are limited in scope so that 
they can encompass only a small portion of any field. The de- 
velopment of each separate portion has required specialization 
both as to the broad fields of science and as to the narrower sub- 
divisions. It has been necessary to have physicists like Roentgen 
and Compton to interpret the physical aspect of radiations, and 
radiologists to adapt Aese to medicine. 

The various products of nucleonics are certain to cause great 
changes in the field of medicine. The use of the radioactive 
elements and of external radiations in therapy is obvious, but 
rapid advances in the cure of cancer and other diseases are not 
to be expected. X-rays and radium have already been used to 
great advantage in this field. * Tagged” radioactive elements 
as diagnostic aids are slowly but surely becoming more useful. 
The field where the greatest advance appears possible is in the 
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use of radioelements to obtain a better understanding of the proc- 
ess of life in both the plant and animal kingdoms. 

WAR’S GIFT TO PEACE ^ 

A large amount of space in our daily papers and periodicals 
has been devoted to glowing accounts of the painstaking, in- 
volved research by world famous nuclear physicists culminating 
in the splitting of the uranium atom. Interesting speculations 
on the possibilities and availability of atomic power have been 
indulged in but all too little has been said about the benefits 
which industry, as it is today, might expect, not from the use 
of atomic power, but from engineering principles, new equip- 
ment and new methods developed as a necessary prerequisite 
of the atomic bomb. 

It is therefore the purpose of this memorandum to make 
available some tangible assets accruing to American industry 
right now from knowledge gained in the successful solution of 
the problems faced in separating U-235 from natural uranium by 
gaseous diflfiision methods. , . . The development work for 
this method had to be transformed from a highly theoretical 
concept without even a laboratory process upon which to base 
design and performance data into an efficient, multi-stage, com- 
mercial, gas recycling process. And it aU had to be done in a 
hurry. So vast was the undertaking and so enormous the cost 
that it is quite safe to state that no single corporation or group 
of corporations would even consider industrial research on this 
subject with such little prospect of success. The saying '’neces- 
sity is the mother of invention’* was never so tme as in the 
new developments, both in apparatus and process, conceived, de- 
veloped and apphed under the emergency of war to bring the 
project to a successful conclusion. 

It is doubtful if such concentrated research was ever before 
brought to bear on any one problem. That it was solved quickly 
is a tribute to the ingenuity and resourcefulness of American sci- 

* Memorandum issued at luncheon of the M. W. Kellogg Company and its 
subsidiary, the Kellex Corporation, New York, September 17, 1945. lOp. num. 
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ence and engineering and bodes well for future developments 
in this field. The total cost of just separating the U-235 isotope 
by the diffusion process in important volume reached a substan- 
tial portion of the over-all figure of $2,000,000,000. Mistakes 
were made of course because decisions had to be made quickly, 
but progress is not achieved without mistakes. The important 
point is that these mistakes were capitalized on, and now that it 
is all over, the vast sum of money spent can be considered not 
only as a necessary war expenditure or as a preliminary to de- 
veloping super-power resources in the future, but also as our 
government’s contribution toward the betterment of industry as 
a whole. 

For there is no doubt about it, industry does not have to 
wait for atomic power to utilize the experience of the project. 
Many lessons have been learned which can and will be applied to 
more efficient processing immediately. It can not all be revealed 
in print at present but it is in the minds of engineers and firms 
participating in the project and will be inextricably bound up 
with their future thinking, engineering design, construction and 
processing. Some items in these fields can be mentioned and 
are considered below. It is hoped that they will afford to the 
serious thinker some idea of the enormity of the problem and 
the scope of its application toward the betterment of our in- 
dustries. 

Following are some of the industries with indications of how 
they will benefit from knowledge gained in the U-235 problem: 

1. Petroleum refining, (a) improved pumping; (b) new 

type, more efficient heat exchangers; (c) mass spectroscope 
(continuous analytical control) ; (d) possible new methods of 

separating gasoline fractions; (e) improved automatic control. 

2. General chemical and processing industries. Same as in 
petroleum refining. 

3. Manufacture of pressure and vacuum vessels, (a) check- 
ing welds, (b) pretesting vessels for leaks before operation; 
(c) improved vacuum techniques. 

4. High vacuum industries, (a) improved vacuum meth- 
ods for vitamin distillation; (b) new methods of detecting 
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high vacua in electronic tube manufacture; (c) low pressure, 
low temperature dehydration of foodstuffs. 

5. Gas processing industries, (a) diffusional separation of 
heUum from natural gas; (b) efficient separation of hydrogen 
from process gases; (c) diffusional separation of oxygen and 
rare gases from air; (d) new techniques in gas recychng. 

6. Electrical industry, (a) new electronic techniques in 
high vacua; (b) improved micro-sensitive instrumentation. 

7. Medical profession, (a) a low cost, more abundant 
source of radioactivity; (b) improved protective methods for 
combatting toxicity in industry; (c) extension of cancer 
therapy. 

8. Refrigeration industry, (a) increased safety in equip- 
ment; (b) improved handling of fluorides for refrigerants. 

9. Industries employing corrosive chemicals. (a) new 
pump and valve lubricants and packing methods; (b) new 
treatment of metal surfaces to prevent corrosion; (c) improved 
safety practices; (d) completely enclosed pumps operated from 
exterior by induction. 

Right from the start of the project staggering obstacles 
loomed. Uranium, being a solid had first to be transformed into 
a gas for utility in the selected gas diffusion process. This meant 
selecting a compound of uranium with some other element which 
would be gaseous at nominal temperatures and from which ele- 
mental uranium could be readily regained after diffusion. After 
much experimentation, which included uranium hexafluoride, 
UFg, and also other gases, suitable process gases were selected. 
One of the big advantages of UF^, which brought it into special 
consideration was that fluorine, having only one isotope, woifid 
not complicate the separation by adding new combinations which 
would diffuse at varying speeds. Uranium hexafluoride is a solid 
at room temperature but fortunately turns into a gas at 56°C. 
Unfortunately, however, like most fluorine compounds, it was 
highly reactive, physiologically poisonous, and introduced prob- 
lems of corrosion which pointed toward difficulties in production 
and handling In the words of one Kellex spokesman "uranium 
hexafluoride is one of the hardest things to handle in the history 
of mankind.’* 
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It was found that practically all the techniques and develop- 
ments gained in the successful study of the problem could be 
carried over into a number of industries plagued by corrosion 
factors through improvement in equipment and processing. The 
results indicated a saving of millions of dollars annually in the 
conservation of critical equipment and materials, minimum break- 
down of moving parts and also increased safety for workers. , 

In the process it was imperative that no material in contact 
with the process gas react with it since such corrosion would lead 
not only to plugging of the microscopic pores of the diffusion 
barrier and various mechanical failures but also to absorption 
(i. e. virtual disappearance) of enriched U-235 isotope. Ob- 
viously, therefore, standard type valves and piping could not be 
used; instead, new methods of pretreating metal surfaces against 
corrosion were worked out, new coolants, piping, new type heat 
exchangers, lubricants, pumps and packing were developed to 
satisfy the stringent requirements. 

Hydrogen fluoride is an important isomerization and alkyla- 
tion catalyst in petroleum refining as well as an important raw 
material in the production of aluminum and refrigerants. It is, 
however, so highly active and dangerous that industry has not yet 
capitalized on many of its potentialities, Its handling may now 
be made safer and simpler without excessive maintenance costs 
and as a result its inaeased use in industry may be realized. 

Other important startmg materials for a host of industrial 
products such as sulfur dioxide, hydrogen chloride and the min- 
eral acids (sulfuric, nitric and phosphoric) have all presented 
severe problems of transfer and corrosion with particular em- 
phasis on valve lubricants and pump packings. These difficulties 
can be greatly simplified by application of the knowledge gained 
through the extensive experimentation with UF^ and the other 
related gases. 

The story on pumps, the heart of the process and one of its 
most difficult problems, is particularly interesting and applicable 
to modem industry. Thousands of pumps operating under re- 
duced pressure at Oak Ridge created problems in vacuum tech- 
nique on an unheard of scale. Other thousands operated at 
nominal pressures. But regardless of the type or service none 
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could leak or corrode and all had to have as small a volume as 
possible. Many different types of centrifugal blower pumps and 
sylphon-sealed reciprocating pumps were tried out and new types 
developed For example, in one of the pumps for the larger 
stages the impeller was driven through a coupling containing a 
very novel and ingenious new seal. Another type of pump was 
completely enclosed, its centrifugal impeller and rotor being run 
from the outside by induction. 

Top flight pump designers from leading manufacturers in this 
country collaborated in research at the central Kellex laboratories 
in Jersey City and succeeded to a remarkable degree in inaeasing 
industry’s knowledge of this all-important phase of processing. 
For security reasons the practical applications of the new types of 
pumps developed can not yet be revealed publicly. However, the 
engineers who participated in this phase of the project have 
brought to their parent companies a vastly increased lore of new 
techniques which cannot help but be reflected in increased service 
to their customers. 

Perhaps the most significant advance in pump design which 
has been most successfully accomplished is the utilization of super- 
sonic velocities of a very high order (Mach numbers of over 1.0) . 

Literally acres of porous barriers were required for the gas 
diffusion plant with billions of holes smaller than 0.01 micron 
(about two millionths of an inch) . Despite the high degree of 
porosity required such barriers had to be able to withstand a 
pressure head of one atmosphere The pores had to be of uni- 
form size and spacing, must not become enlarged or plugged up 
as the result of direct corrosion or dust coming from corrosion 
elsewhere in the system, and the barriers had to be amenable to 
manufacture in large quantities and with uniform quality. 

One of the major reasons for the lack of diflfusion techniques 
in industry today has been the barrier problem. Few, if any, 
corporations cared to expend the prohibitive time and money in 
the necessary research on this problem, until it was made necessary 
by the exigency of the situation. Almost at the last minute an 
excellent barrier was developed and today these operate success- 
fully throughout the more t^ several thousand stages. 
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Now that a large part of the basic research on diffusion bar- 
riers and their application to full scale industrial separations has 
been completed, particularly with reference to gas recycling and 
instrumentation, it seems almost certain that helium will be 
separated from natural gas by diffusion techniques rather than by 
the present refrigeration method Hehum is so light in compari- 
son to other components of natural gas that its diffusion velocity 
through a porous barrier is over twice as great as the next lightest 
compound present in the same source. 

It may be even easier to isolate hydrogen by these new meth- 
ods from a number of process gases now used merely as fuel 
because the diffusion velocity of hydrogen, the lightest of our 
elements, is over four times that of any compound associated with 
it 

The isolation of ethylene from cracked gas oil by incorporating 
diffusion barriers as an integral part of cracking units could con- 
ceivably supply an abundant source of this versatile chemical 
used for the manufacture of synthetic rubber, plastics, antifreeze, 
alcohol and many other products. 

The preparation of oxygen and rare gases from air without 
resorting to refrigeration and fractional distillation is another 
possible application, when economic methods are developed. 

The direct isolation of natural gasoline fractions from cmde 
petroleum without resorting to distillation, and new types of 
fractionating columns for the petroleum refining industry also 
appear feasible. 

If pumping is the heart of processing, then instrumentation is 
the brain. No continuous process could function efficiently with- 
out adequate automatic control. In the gaseous diffusion plant the 
problems of instrumentation were far greater than in any other 
industry because the theory involved the assumption that diffusion 
took place through an infinite number of stages whereas prac- 
ticability dictated that such stages be limited in number. 

Even so, several thousand stages were required, necessitating 
an intricate system of gas recycling involving abnormally large 
volumes of gases in relation to the finished product and con- 
tinuous high precision analytical control About half of the gas 
processed in each stage diffused through the porous barrier as 
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enriched U-235 product, and after repressuring was sent on to 
the next higher stage for further concentration ; the impoverished 
half was also repressured and req^cled through the next lower 
stage. The recycling involved was enormous, over 100,000 times 
the volume of the final enriched gas. 

There were developed to meet these needs the most precise, 
continuous, automatic, analytical control instruments ever pro- 
duced by man. This refinement is one of the outstanding features 
of the gas diffusion plant and constitutes one of its most important 
applications to industry today. Instruments which before had 
existed only in research laboratories were improved upon and 
adapted to commercial use; completely new prototypes were 
conceived, developed and put into mass production. The result 
is that now as never before there is available to industry a more 
nearly perfect system of continuous automatic control than has 
ever existed. 

One of the developments employed is a new type of mass 
spectroscope which every petroleum refiner will welcome for 
control of cracking operations and transfer line analysis. The 
mass spectroscope has been employed for several years in research 
laboratories and even within the last two years in certain phases 
of the refining industry but never on the perfected scale developed 
at Oak Ridge. The foremost instrument engineers and physicists 
in this country and England devoted their full time not only 
toward gearing this instrument to continuous control but also to 
expanding this country’s capacity for its quantity output. In no 
other country has electronic research been applied on so grand a 
scale. Security considerations are not violated in revealing that 
the mass spectroscope is an electronic device for analyzing gases 
both quahtatively and quantitatively from a mass standpoint by 
separating a beam of dissimilar gas molecules into separate beams 
according to their formula weight. Determinations are very fast, 
require only a thimbleful of gas and make obsolete the formerly 
used Orsat and chemical analyses particularly for the purposes of 
continuous control where instantaneous changes must be effected 
the moment a process swings "off the line”. 

Its potential uses in industry include the accurate analysis of 
natural gas or any process gas, the continuous automatic control 
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of any gaseous process such as alkylation, dehydrogenation, vapor 
phase cracking, etc., the checking of inert gases such as nitrogen 
used to provide a protective atmosphere in furnaces etc., the 
checking of the completeness of any evacuation process as in the 
manufacture of radio tubes, the detection of impurities, and many 
others. Industry will not have to wait for benefits from this 
versatile tool because production facilities have been enormously 
increased since the new type was created. 

A second development, aptly and simply called “the leak de- 
tector" is more sensitive than any other existing device previously 
utilized for the same purpose. It played an important part in 
ensuring that all parts of the gaseous diffusion plant were vacuum 
tight, Any leaks out of or into the system would be damaging 
both from the standpoint of loss and contamination of an ex- 
ceedingly valuable material. The leak detector is well adapted 
for locating annoying leaks in industrial high vacuum processing 
industries such as vitamin manufacture where even microscopic 
leaks undetectable by the familiar ammonia-hydrogen chloride 
method or Tesla Coil method are still potent enough to prevent 
drawing the necessary high vacuum on the equipment. Other 
potential uses include the pretesting of pressure and vacuum 
apparatus before putting it in service, checking equipment in oper- 
ation to ensure no wasteful loss or contamination, the testing of 
welds for minute pores which would otherwise escape detection 
and ensuring the physiological safety of refrigeration equipment 
employing toxic coolants. 

Of great interest to the petroleum refining industry is the 
development of a new type heat exchanger. Since an unavoidable 
concomitant to pumping gas is heating it and since enormous 
volumes of gas were processed, individual cooling units for each 
stage had to be developed, A brand new type of heat exchanger 
was conceived for this purpose and developed up to the produc- 
tion stage, A manufacturer was then selected, shown how to 
make it even to the extent of redesigning his equipment so that 
thousands of units could be turned out quickly, iliey were in- 
stalled and functioned very well. 

Thanks to the variety and multiplicity of radioactive products 
which can be produced by means of U-235, we face the prospect 
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of soon having available for therapeutic medicine radioactive ma- 
terials possessing a wide variety of properties. It is logical to 
expect, therefore, that these new materials will be suitable for 
products offering a greater range of usefulness, and at lower cost 
than radium. 

The possibility exists of incorporating a micro quantity of a 
radioactive isotope in food to observe its metabolism in the body 
of experimental animals. Such “tagged” material could be readily 
traced in its passage through the organs of the body. 

It should be borne in mind that the benefits mentioned above 
accruing to American industries as a result of knowledge gained 
in the development of the gas diffusion plant represent only a 
small part of what is permitted to be revealed at this time. The 
total cost of the project, $2,000,000,000, actually only represented 
eight days of war cost to the United States. 

If it be estimated that the war would have lasted another 
six months the actual saving could be estimated at $45,000,000,- 
000 . 


BRINGING THE ATOM DOWN TO EARTH ^ 

There were three atom bombs and four explosions: New 
Mexico, Hiroshima, Nagasaki and, the fourth and most shattering 
of all, the blast that plummeted the minds of untold millions into 
the strange new world of atomic energy. 

The fact is that the dreaded but alluring atomic age is already 
here. Whole nations have grasped that fact almost with the speed 
of light. They may cringe before it — but they want it for its 
advantages and in spite of its dangers. 

What does it portend for the future? Is a breath-taking 
revolution — industrial, social and even political — at hand? Has 
a new starting point in history arrived? Are science and inven- 
tion, in unleashing unlimited power, about to turn the world 
upside down ^ Here's a prediction: 

Within five years the first harnessing of the atom for peace 
will have been achieved, and within ten years it wiU be the useful 
servant of man iri a score of different ways. 

® By William F, McDermott, writer for various periodicals. Popular Mechau/cs 
Magazine. 84 •1-6+. November 1945. 
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Before we do any crystal-gazing, however, let's look at what 
some of the world's greatest thiiiers and scientists, including 
several who were in on the miracle of the atom bomb, have ven- 
tured to foresee about man’s capture of this secret of the universe: 

1894. H. G. Wells predicted world- wide use of atomic en- 
ergy and the employment of atom bombs by 1954, saying that 
civilization would either destroy itself or adapt itself to a life as 
different as that of another planet. 

1905. Einstein, declaring matter to be highly concentrated 
energy, calculated that 10 billion kilowatt-hours of energy are 
locked up in a pound of matter. 

1926. Prof. James F. Morris, Massachusetts Institute of 
Technology, asserted that matter consists of * 'unthinkable amounts 
of bound-up energy,” while Dr. Karl Schlessel, German scientist, 
forecast: "The time is not far distant when, with the liberation 
of the atom, man will forget there ever was such a thing as 
suffering or poverty.” 

1939. Dr. Arthur H. Compton, Nobel Prize winner, address- 
ing the Association for the Advancement of Science, said that 
atomic power, long-sought goal of science, was nearer man's prac- 
tical use than was even dreamed of a year before. This power, 
locked in the nucleus of the atom, is of such tremendous order 
that a minute quantity of it would be sufficient to transport a 
liner across the ocean or to fire a gun from Chicago to Berlin. 

1940 Dr. R. M. Langer, California Institute of Technology, 
one of the leading scientists in the development of the atom bomb, 
predicted that atomic energy would "change the face of the 
earth,” with Sunday driving in a propellerless plane fifty miles 
above the ground, with free power for everyone for all possible 
uses and with unimaginable convenience for everyone's pleasure. 

Even before Pearl Harbor, the curtain was quietly drawn on 
atomic developments, but the most feverish experimentation in all 
history swung into full speed. Four years later, that curtain was 
literally torn to pieces with the crash of the bomb on Hiroshima. 
The unleashed power not only met every expectation, but seemed 
to give prophetic promise of the fulfillment of every amazing 
chronicle of what the release of atomic energy might mean to the 
future of mankind. 
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Cautious scientists, whose secrecy for years had equalled their 
applied genius — both complete — ^lifted the veil for a peek into 
the future. They who had worked closest to the atom bomb fore- 
saw near-miracles to come. One of the most effective projections 
into the future was made by Dr. Reuben G. Gustavson, eminent 
scientist and dean of faculties of the University of Chicago, whose 
work on the atom bomb was of major importance. 

Energy 400,000,000 times more powerful than derived from 
any other power source can be delivered, he told the Executives 
Club in Chicago. And just as important as that was his assertion 
that, if resources were made available, an experimental atomic 
plant could be placed in operation by next April, and in five or 
ten years production of such power could be made economical! 
He added that atomic developments may bring about the long- 
sought cure for cancer. 

The logical first step will be to capitalize on the knowledge 
of the atom bomb — ^namely, apply the known controlled form of 
atomic power. That is as a superexplosive. Where could con- 
structive use be made of such devastation as was visited on the 
two Japanese cities, laying waste many square miles at a single 
blow, and leveling as many as 18,000 buildings? 

One of the likehest effective services would be in checking 
forest fires. Even as enemy cities were being blown to pieces, a 
great conflagration ravaged more than a quarter of a million acres 
of fine timber in Oregon. Fire fighters struggled in vain to make 
clearings beyond which the onrushing flames could not go — ^yet a 
path a quarter of a mile wide in advance of the blaze, such as 
controlled, minute atom bombs might blast in a single second, 
would have done what thousands of men couldn*t do. 

Already there is speculation as to the possibility of some 
weather control by atomic forces. The mayor of a Florida city 
asked that a bomb be exploded in the midst of a hurricane, to see 
if it might scatter or check it. That raises the question whether 
something akin to a vast tidal wave might be started whose de- 
structiveness would be still greater. It is believed, however, that 
the atom bomb does affect the weather. Although the sun was 
shining brightly when the atom bomb was dropped on Hiro- 
shima, a missionary reported that a hurricane struck the dty half 
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an hour after the bombing. In another case a storm cleared away 
soon after a bomb was exploded. 

A tremendous iceberg sank the Titanic, luxurious liner 
which was the pride of all the seas in its day, back in 1912. 
Even today icebergs are a menace to navigation, and their pres- 
ence must be taken into account in charting the courses of 
vessels. Atom bombs, or well placed atomic explosive charges, 
offer the possibility of clearing the oceans of these floating dan- 
gers. Broken into icy slivers, they might dissolve in the warmer 
water and disappear. The terrifSc heat engendered by an atom 
bomb, shown by the way sand was fused into slabs in the New 
Mexico experiment, indicates that heat as well as violence would 
aid in vaporizing the icebergs. 

Icebergs do not form the only frozen barriers of the sea to 
man. Vast expanses of ice tie up harbors often for six months 
or more of every year. Russia is an example of a great nation 
virtually ice locked half the time because her ports are so far 
north. She may get year-round ports as the result of this war. 

The question arises: Does not atomic power make possible 
keeping open those icebound ports the whole year round by re- 
curring blasts, or at least opening ports weeks sooner than usual 
and keeping them open weeks longer^ The use of heavy ice- 
breaking boats may give way before long to a string of atomic 
explosions that will make a winter path for ships as clear as in 
summer time. 

Sea power was shown in this war to be as effective as ever in 
the history of the nations. While air power is a new and major 
factor, yet it has neither eliminated nor minimized seagoing traf- 
fic; also, with ''one world” at hand — at least in trade and com- 
merce — there is bound to be undreamed-of traffic on the seven 
seas. Now, if ocean floors could give up their dead — sunken 
ships — ^there would be a parade of watery ghosts which would 
probably stretch farther than the merchant marines of the world 
today, and many of them would be found to have been the victims 
of hidden rocks and treacherous shoals. 

Here the tumultous power of the atom may soon come into 
play. Explosions that level cities can also lay waste many a 
granite ”hell gate” where ships totter into watery grave. With 
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the limited power we now have at hand we clear the channels of 
livers of snags and hazards and we take out of harbors the natural 
menaces to traffic. Now with atomic explosive power, there is 
every reason to believe we will move out and conquer similar 
major dangers of the high seas. 

That isn't all As we may clear old channels, we may well 
make new ones. Remember reading how the French spent decades 
in trying to dig the Panama Canal and then failed? We took 
modern machinery and modern science {primarily to conquer 
yellow fever and malaria) and did it. At that, it required years 
of arduous toil. With atomic power controlled, as it will be just 
as other natural forces have been harnessed, a new Panama Canal 
is possible in weeks instead of years. One foresees such a chan- 
nel charted, with calculations showing the exact amount of ex- 
plosive power needed to remove rock or soil; then tiny holes dug, 
and a string of atomic pellets buried along the right-of-way. The 
switch is thrown — a deafening roar and clouds of dust and smoke 
follow When they clear away, the rough channel lies before 
you, the major job done. Significantly, the atom-bomb explosions 
in New Mexico and Japan were outward and upward, not down- 
ward, thus making such power immensely effective for channel 
purposes. 

From time immemorial, water transportation has been rated 
as ideal, both in smoothness and in cheapness. That is why even 
hand- dug canals are to be found the world over. Now that 
undreamed-of energy has been tapped, one may reasonably believe 
that atom-dug systems of canals will interlace every continent of 
the world. Inland pleasure travel by boat may then come into 
style again. 

Land benefits are foreseeable the same as those of water. Pre- 
historic animals made their trails across mountains, and buffalo 
and Indians followed them. Next came twin lines of steel and 
finally ribbons of concrete. All have followed the few mountain 
passes available, such as through the Rockies. Unlimited ex- 
plosive power, as revealed by the atom bombs, throws wide open 
the possibility of cutting mountain passes down further^ even 
blasting small peaks out of the way — in short, of making massive 
cuts for transcontinental roads. 
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Many portions of America are spotted with lakes, such as 
Michigan, Wisconsin and Minnesota; others, such as Kansas, 
where I came from, hardly know what the word means. Yet 
standing bodies of fresh water are rated high as both a health and 
agricultural benefit. I have seen scores of places in my rambles 
where a little variation of the topography would have made a 
beautiful lake, with all of the attendant benefits and pleasures. A 
controlled atomic blast might easily in such a case serve a double 
purpose — deepen a natural basin and throw up an earthen dam or 
barrier that would hold the water back and produce a lake. 

One may see another variant of the use of atomic energy in 
earth removal. That is in strip-mining. In many coal and iron 
ore regions the veins lie only a few feet, maybe 15 or 20, below 
the surface Stripping ofi? the top dirt is a tedious job. Atomic 
explosives can be visuali 2 ed as performing this task in minutes. 

Time will be required, of course, to refine atomic power to the 
point where it can be used for precision jobs. But that will come, 
sooner perhaps than many of us think. As to what the splitting 
of the atom will make possible, estimates range all the way from 
fantastic conceptions by dreamers to remarkable ideas by scientists, 
whose sober judgment has always made them cautious. A few 
glimpses will be of interest. 

On the seemingly fantastic side, a compendium of scientific 
opinion, issued more than a decade ago, contained the prediction 
that enough heat could be generated by smashing the atoms in a 
pound of water to raise the temperature of 100,000,000 tons of 
water — ^as much as flows over Niagara Falls in four hours — from 
freezing to the boiling point. It asserted that a breath of air 
contains enough atoms which, if split, would yield the energy to 
keep a plane flying for a year, or that a heavy train could girdle 
the globe several times on the atomic energy from a railroad 
ticket; again, that a puflF of cigarette smoke could run a tractor 
for a year, while from a shoveful of coal could be taken enough 
power to run all of New York’s machinery for five years. 

We also look back to 1931 and find the Berlin Institute of 
Physical Research claiming one gram of water contains $125,000 
worth of energy — ^it would cost that much to produce it by ordi- 
nary means. Two years later W. D, Harkness of the University of 
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Chicago estimated a pound of hydrogen to be equal to 10,000 
tons of coal ; the atomic energy in a handful of snow would heat 
a large apartment house for a year; a trip around the world could 
be made on the energy generated from a teaspoon of water; a 
gram of matter would send an airplane around the world without 
stopping to refuel. And now, by way of variety, we have the 
chief of the United States Rocket Society saying that a trip to the 
moon by way of atomic power is not only possible, but one may 
before long go joy-riding among the planets ! 

On the other hand, within recent days Dr. Samuel K. Allison 
of the University of Chicago, another great scientist foremost in 
atom-bomb development said that we may be heating whole cities 
with atomic energy within a few years. None less than the Na- 
tional Advisory Committee for Aeronautics has just affirmed that 
”it is not fantastic to visualize a fuel supply the size of a brick 
with sufficient power to fly around the world many times.*' The 
best and most authoritative picture of all is contained in the 
authorized release on the atom bomb, which spoke of it contain- 
ing the explosive force of 20,000 tons of TNT. 

The main point is, we are at the gateway to a new world, the 
world of unlimited power. As to the time required to reduce 
atomic energy to efficient use, one can only guess. Some great 
minds say a few months to five years, others say a generation, and 
a few assert it will take a century. A Gallup poll showed people 
generally believe that “atomic energy will be harnessed to supply 
power for industrial and other uses within the next ten years.’* 
Bearing that out is the statement by Prof. M. E. Oliphant of Bir- 
mingham, England, University, one of the scientists responsible 
for the development of the atom bomb, that inside of the next 
decade atomic energy will replace all forms of power for large- 
scale production. 

If the atom can be split, it can also be mastered, in the view 
of most authorities, particularly those associated with the bomb 
development High regard must be given to the affirmation of 
Dr. J. R. Oppenheimer, credited by the War Department with 
being as much responsible for the atom bomb as any other sci- 
entist, that world changes by 1965 will be more marked than 
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those whicii took place in the two decades following Faraday’s 
revolutionary work with electricity. 

There is good reason to expect quick action. We live at a 
feverish pace as the result of the war, and this pace cannot be 
expected to slacken much. Reconversion is only the prelude to 
swift action of many kinds at hand And so great is the realiza- 
tion of the import of the discovery of the means to harness atomic 
energy that we can expect the greatest peacetime scientific race 
against time m all history. 

We read comparisons of the time it took the auto and the 
airplane to come into general use The first gasoline auto was 
invented in Europe in 1882, but widespread use did not begin 
until about 1910. The plane was two decades reaching general 
acceptance. When Marconi sent his first wireless waves across 
the English Channel, he was gravely informed by “experts” that 
radio waves never would cross the ocean. Yet Marconi did it in 
just two years ! 

One would stick his neck out if he attempted to set a min- 
imum time limit on the commercialization of atomic energy; he 
is wiser if he pomts to the astounding genius which spht the 
atom, and to other unbelievable attainments of saence and indus- 
try in recent years, and simply says; “Any time!” 

Most authorities to date do not envision early atomic energy 
plants in autos or airplanes using pinpoint supplies of atoms for 
power; rather they foresee, at first, atomic energy developed and 
capitalized in vast generating plants for electricity or direct power, 
which will be available for every purpose where distributed energy 
is used. In the case of big ships, of course, atom fission may 
supply the power direct— in fact, back in 1939 the Navy allotted 
$2,000,000 for atomic power experimentation for just such a 
purpose. 

Even with such restricted use as that, one can see an inaedibly 
thrilling era ahead. Although each one of us now has something 
like 113 mechanical slaves working for him, as Dr. Karl T. 
Compton, president of the Massachusetts Institute of Technology, 
affirms, that may be multiplied countless times. Homes heated 
and hghted for a cent or two a day, or by power possibly fur- 
nished free as a public utility. Highways across the nation lighted 
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IS bright as da^ wiU make night travel a delight. Planes of 
2000-miles-an-hour speed are foreseen, with any spot on earth 
Dnly six or seven hours from ones doorstep. Cities will be scat- 
tered because there will be no need for congestion at the source 
Df power. Coal mines will become a curiosity like the dodo. 
One can have controlled agriculture in his back yard, growing the 
finest vegetables and fruits as he desires. He need never want 
for the daintiest and rarest delicacies direct from the garden. 

Unlimited power will mean the production of ample food, 
clothing, housing and other necessities as well as myriad luxuries, 
for everyone. Poverty and famine, slums and malnutrition will 
disappear from the face of the earth. Diseases will be attacked 
with fresh vigor because there is to be an ample margin of time 
for the cultivation of health and superb care of the body. Abun- 
dant time for study and research will make a game of mental 
development, and intelligence and education will reach a new 
high. Wars will fade out as an amplitude of production of all 
things necessary to adequate and enjoyable living anywhere and 
everywhere will remove the fundamental economic and material 
rivalries that provoke war. Just as America, with an abundance 
of resources and with high standards of living, is a peaceful na- 
tion, so the spread of wealth over the poorer sections of earth, 
where wars breed, will destroy the swamps where such evils gen- 
erate. A new and excellent culture, the like of which the world 
has never before glimpsed, is likely to come into being. 

As to healing, eminent ^scientists point out that X-rays, radium 
and atomic energy are links in the same chain of radioactive sub- 
stances and forces, and therefore an astonishing new era of suc- 
cess in the treatment of disease which X-ray and radium now 
effectively treat, particularly cancer, may be expected. 

The by-products of solving the mystery of the atom will 
doubtless be as valuable as they will be intriguing. One very 
intelligent financial editor suggests that unlimited atomic energy 
may so increase our production that a corresponding enhancing of 
the national wealth will be so great that it will ‘'outrun our pubhc 
debt” — in other words, make the public debt relatively such a 
small item that it can be handled without a convulsion in the 
process ! 
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No one can chart the future, but evidence is at hand that the 
greatest magic carpet of all the ages is being unrolled. It remains 
for man to use it for his own good rather than his ruin. But we 
need not fear. In the long run, man usually chooses the thing 
that will keep him going and improve his lot — at least an atomic 
trifle ! 


THE ATOM AND EVERYBODY’S BUSINESS « 

Atomic energy is going to have a profound effect on industry, 
not only in the individual manufacturing units but on the entire 
economic structure. There should be an increase in both smaller 
and larger units: production will be on a higher level of output 
per worker than ever before, as processes become more automatic. 
A program of projects on a national scale will be undertaken to 
utilize both the vast amount of energy that will be available and 
what would otherwise be an excess of manpower. This will re- 
quire a coordination of private industry and the national-scale 
projects. In other words, it will be necessary to have a really 
planned economy and to have an engineered civihzation on sci- 
entific principles. 

National projects will include rebuilding and redesigning our 
cities for the new age. The chaotic railroad situation in Chicago, 
for example, is a civic problem that will tie in with a railroad- 
unification problem. The situation id New York is slightly bet- 
ter; and in their lesser scales, the same applies to most other 
cities Street crossings and traffic and parking too are critical 
problems in aties at the present time. With the coming of the 
atomic energy automobile, the traffic problem will become one of 
even greater magnitude for which no solution will be found along 
the lines now being followed. 

Expansion may come to a halt in all of our larger cities, and 
there may be less need for many of the buildings now crowded 
into congested areas. The less pleasant industries will probably 
find it desirable to move to less congested areas, and the elimina- 

«By John J. O'NcHL Science Editor. New York Herald Tribune. From 
mmtgMy Atom , the Real Story of Atomic Energy, p. 93-4, lyes Washburq, Inc. 
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tion of coal as the fuel of industries will make it possible to stop 
the pollution of the air which is now producing unhygienic con- 
ditions in many cities. Pittsburgh, for example, may become a 
clean city, and Pennsylvania, as a whole, lose the stigma which it 
now carries, because of the high death rate from pneumonia 
directly associated with its state of air pollution. 

The plan long sponsored by Henry Ford for placing industries 
in rural areas, from which supplies of manufactured products for 
other industries can be secured by the work of the farm popula- 
tions in the slack farm season, and the plan of Farm Chemurgic 
to produce crops from which can be manufactured raw materials 
required by industry, in addition to food crops, will make rural 
areas more prosperous and will halt the drift from the farms to 
the cities. With these developments there will be a greater uni- 
formity of interests in all parts of the nation: the farm and the 
urban populations will not be pitted against one another as mu- 
tually antagonistic elements of the population, and each will be 
less vulnerable to manipulation for selfish political purposes. 

All of man's freedoms have come into existence only as a 
result of his conquest of sources of power beyond that in his own 
muscles. Every civil, political and economic liberty systems from 
this primary source of aU liberties. With atomic energy, man can 
create a new world in which we are entirely freed from the dom- 
ination of our environment, in which all of our wants will be 
generously supplied and every useful luxury made available. 

Our civilizations have progressed at a relatively slow rate in 
the past, but the rate has been continually increasing. In recent 
centuries, the tempo of civilization can be linked directly to the 
amount of energy man has had available to him for carrying on 
his activities. ^^5?^en coal gave us a large increase in available 
energy we went forward through a rapidly expanding phase of 
civilization. Now, as atomic energy becomes available, we are 
going forward at such a pace that progress will seem like a re- 
sounding crescendo of advancement with a program of rapidly 
consummated tremendous projects. 

But there is one limitation. Every phase of the manifestation 
of atomic energy must be directed for human welfare without 
limitation imposed by those who would seek selfish gains from 
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it The hope of a new, peaceful world, peopled by a happy, 
secure and contented human race, rapidly evolving to a higher 
destiny, can be sold for a 20 per cent reduction in our electric- 
light bills — if we permit this great blessing to be monopolized 
by interests lacking in the new social viewpoint. 

Because this is so, atomic energy will become the major po- 
litical, economic, social and international issue, starting now. Its 
control must be in the hands of the people. It is too great a boon 
to be permitted to become the plaything of selfish groups that 
would obtain profits from it at the price of a new civilization for 
the entire race of men. The present administration is well aware 
of the latter danger and has shown indications that it intends to 
hold control of atomic energy — at least for the present. But no 
one knows how long "temporary” means. There is a danger in 
government monopoly as well as in industrial monopoly. 

Probably the greatest responsibility that rests upon the people 
of the United States today is to determine just how atomic energy 
shall be administered for the creation of .universal human welfare. 
This calls for a grandiose type of planning, compared to what we 
have been doing in the past; it calls for planning on a gigantic 
scale and a gargantuan motif for our works. The critical element 
in the atomic-energy age will be man himself. Will he measure 
up to the possibilities of the tremendous source of power now 
placed in his hands ? 


EXCERPTS 

As a result of the inventive, scientific, industrial and engineer- 
ing advances incident to work on the atomic bomb project, it is 
estimated that more than 5,000 new and improved products and 
procedures are now available to American industry awaiting only 
government release for volume production. — M, IF. Kellogg 
Company, Memorandum. S. 17, *45. 

French scientists are considering experiments with atomic en- 
ergy in the Sahara Desert with the purpose of raising to the sur- 
face the natural water resources which are found many hundreds 
of feet below ground, thus converting the waste land into an 
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oasis As soon as we have the suitable material we can make 
available huge sources of light and heat by means of which we 
can settle such deserted regions as the Arctic and Antarctic. We 
could control the spectral composition of this light through an 
appropriate choice of luminous compounds. This artificial sun 
giving off light and heat can be directed towards a storage plant 
in which fruits may be ripened and their vitamin content raised. — 
Bom Pregel, Economist and Engineer; President of Canadian 
Radtum and Uranium Corporation; in address at New School 
for Social Research, May 23, 1946. Commercial and Financial 
Chronicle. My. 30, '46. p 2979. 

Were I economic director of the United States, I would . . . 
immediately reconvene the scientists who worked on the atomic 
bomb and get them busy applying this new energy to everyday 
uses We might still be in the depression of the 1870’s, if steam 
energy had not pulled us out. We might still be in the depres- 
sion of the 1890’s, if electrical energy hadn’t then been harnessed. 
We would now be suffering from World War I, if the gasoline 
engine had not saved the day. Atomic energy may well serve a 
similar purpose to prevent a collapse around 1950. 

I admit that the best authorities tell me that such an atomic 
development within the next five years, is an impossibility. The 
stakes — namely the avoidance of national bankruptcy — are so 
high, however, that we should at once make a tremendous effort 
to show these * 'authorities’’ that they are wrong We must im- 
mediately harness this new energy to develop new industries and 
new jobs. 

Atomic energy for industrial and utility uses means vastly 
more than the substitution of atomic energy for coal and oil. 
Atomic energy produces an entirely new heat which is actually a 
new powder. Atomic energy may be as much of an advance over 
steam power as steam power was an advance over hand power. 
Atomic energy will result in entirely new industries and vastly 
different machines than now exist, all of which will provide mil- 
lions of new jobs if we get it harnessed in time. In short, to me 
the question is either of harnessing atomic energy before 1950 
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or perhaps facing national bankruptcy soon thereafter. — Roger 
Babson, ^'Busmess and Atomic Energy^\ Commercial and Fi- 
nancial Chronicle. N. 29, '45. 2583. 

To the familiar fields of civil, mechanical, electrical, elec- 
tronic, and chemical engineering, a new one has been added by 
the physicists — nuclear engineering. Before the war, nuclear 
physics had provided practical engineers with a host of new 
things having peaceful uses — neutrons for cancer therapy, artificial 
radioactive materials for treatment of leukemia and cancer and for 
use in fundamental chemical studies, both in biology and in 
chemical industry. So important was this field of work just 
before the war that several large companies were considering the 
manufacture and sale of radioactive materials. The war inter- 
rupted this activity and placed over all nuclear research a tight 
secrecy restriction, but it enormously accelerated the research that 
resulted so dramatically in the atomic bomb. 

With the war ended, we can devote our energies to active 
cultivation of the applications of nuclear engineering to peaceful 
purposes — ^to better ways of producing neutrons and high-energy 
electrons for therapy and artificial radioactive materials for all 
kinds of uses. Moreover, we are standing on the threshold of the 
era in which atomic power will be developed. 

All sorts of prophecies are being made about atomic power. 
Some say it will come only in the very distant future and may not 
then be practical ; others are rashly predicting automotive power 
from U-235 in a very few years. The wide variance in predictions 
comes about largely, of course, from the fact that most of the 
prophets have little, more than a crystal ball to guide them. 
Whatever the prophets say, atomic energy will surely offer some 
of the most important engineering possibilities of the next gen- 
eration — United States. Senate. Special Committee on Atomic 
Energy. Essential information on atomic energy. Committee 
monograph no. 1. 19th Congress y 2d session. ’46. 5. 

The release of atomic energy would not have been possible 
without an infinite number of prior technological changes. The 
very organization of the atomic experiment is' relevant to the 
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problem of the influence of technological changes on urbaniza- 
tion. Federal hydroelectric projects enabled the government to 
localize cities of as many as 75,000 workers in previously isolated 
areas in Tennessee and Washington, At these sites were installed 
productive facilities utilizing the most advanced industrial proc- 
esses, materials, and products. 

Recent changes along all these lines have been extraordinary. 
The need for rapid production of war materials necessitated, and 
government financing of research and application made possible, 
numerous innovations which otherwise would have required a 
much longer period for development Inaeased experimentation 
led to great progress in manufacturing techniques. Critical 
shortages of conventional materials and great advances in tech- 
niques for producing or fabricating materials led to the develop- 
ment of new or improved materials. Designs of planes, ships, 
trucks, and other mechanized equipment have steadily improved ; 
jet propulsion and the gas turbine have been effectively devel- 
oped; instruments have been made vastly more precise; and there 
has been tremendous progress in the development of radar and 
other electronic devices. 

Each and all of these advances and many others will influence 
the design of the future city as they have already affected the 
developments of cities during th(^ war. They will influence the 
distribution and growth of populations, the intercommunication 
of communities, and the ideas, attitudes, and standards of living 
of countless millions. As a result of the interwebbing of the 
peoples, trade, and industry of the world, the planning of cities, 
to be fully effective will have to be in the context not merely of 
state, regional, and national planning, but of international plan- 
ning as well. At the same time, world planning, to be rational 
and fruitful, wiE be obliged to take into consideration not merely 
the plans of nations, regions, states, and cities, but the interests 
of neighborhoods, of families, and of the individual personality. 
Recent technological changes make it possible for centralization 
and decentralization to be not antithetical but complementary 
processes. — Bernhard J. Stemt Lecturer in Sociology^ Columbia 
University; Chairman, Board of Editors, Science and Society. 
Annals of the American Academy. N. *45. p. 47-8. 
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